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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a very precise 
channel having a high breakdown strength by forming 
each impurity introducing area in a self-aligning way, by 
specifying each impurity introducing area with the partial 
end and the other part of one mask of a plurality of 
masks by using another mask partially overlapping the 
mask. 

SOLUTION: After a polycrystalline silicon film is 
deposited on the surface of an n-type drift layer 41b, a 
mask M1 is formed by patterning this silicon film. The 
mask M1 is composed of a central section M1a and both 
side sections M1b. Then, after an Si02 film is deposited 
on the mask M1 and a mask M2 is formed by patterning 
the Si02 film, source regions are formed by implanting 
ions 4a which become an n-type impurity into the 
regions regulated by the masks M1 and M2. The mask 
M2 can be easily aligned with the mask M1, because no 
further alignment is required when the end of the mask 
M2 is on the mask M1. After the mask M2 is removed 

and a mask M3 is formed by again forming a pattern, p-type gate region is formed by injecting 
ions 5a which becomes a p-type impurity into the region regulated by the masks M1 and M3. 
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tzy-xmmt. mtrt^mv?* m— hussies 

I* *bfc K W i: tt1-ZWm F E TO»at*jfe 

t 1 1- 6 ^{b it V ^JgH£ F E T © ® at^rfeo 

[it &m i o ] fs-w«aift{bJtv^*^^^ h u— h ± 
-mnm Ky ? hs^>mmm^m-mmmy-^mmm 

vy =>Stcggftfei-^y- Mgffi. I-^ny-^i 
ffi* iSMbttv^Sfif-:/;* hi/- Mc»«rf-3 KK 

***t5It fc a» e> 4 S*t<b«tV^*«« F E T OS it 

i ] Sg-^mM^fbrn^i*-:/;* h h_b 

««SKy ^ 

«^fi£<0fc^O5FMfe^Ai-5Xmi:, ^-^^^ 
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5<7 I^y^^ Hffl«lw«rSD0fflJS:^i-5xai:, 
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WBFETOBJt**. 

i:1-5wi:Sr#«t1-<5B*«i 0 Sfcttl 1 tcfE 
R^Wbttv F E T O^it^f j£ G 

XR£. *©^^^fcJ: 9^*MfcSriHA1-5 

4fe€rttA1-&xa;tfft;tfeJxTV^3 CL £ &*Hft£1-3tt 

4(OV^rttAM^IB*OKftttV^fK^F 
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Ky ^ t«0*M£Bttnic4>tt 

OSS (c^llcttllt LTR# c, 

®y-^ffi«^b»s^5Si5^ii:j««)jca< 45:^ 
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^S©lcy-^m^«1-5wi:Sr#®i:1-5i»^ 1 

6 Ett^Kfttt V tRflftg F E T 0 
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Sa^** hfg«<z>RttiSKIcy— £ 
$r#mt t5B#«l 6K«<z>«fbttV>*«^FET 0 
[R#«l 9] ^-^*yHS«(D^*6ttaiiSd5, si— 
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[0 0 0 2] 

TS i fcE1") fctt:«^T»-tfr;te£v^ 8:* 
^^t^I ¥«frR^— $ tvrv 

20 £>S 0 ^tV^T-lC, 4H-S i CtfcH6H-S i Ct 

Sr»iLfc^7;u7 7ttS i Ctfc5 0 ftHt-3C-S 
i C £^2*L5-<-^*§S i CO&l-et)WMt:SI^ 
• K«s$*lT1^<5 0 ftStlif^fflS^i: LTv/3 y h * 
— h\ »OSFET, ^-fy^^ftif, 

5^ttfttiEfflW4*i*ga-efc5CMos- i c# 

Weitzel . C. W. fill : IEEE Trans, on Electron Devices, vo 
I. 43. No. 10, pp. 1732-1741 (1997)] 0 MO S F E T<D 
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<vU&mm\%T1bZ>lShewar4,$. T. (Hi , Abstracta of 
Int. Conf. on Silicon Carbide, Ill-Nitrides and Re 
lated Materials, (1997) ] 0 p + 1 0 _klC;|g/I £fr 
fcnKy7Mll^I||: n + y — *««13. p 
40 y-h««15, n + KWyffl«^a$tlTV>5 c 
n + y-^|13, n + KK>Wl4, P y-h 

[0004] z<ommvn, hmm 1 6 {zm&zm 
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-4- 



7 

icy-*. Ku-r ^Rfl<amau±y- hmjEiciox^^ 
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£>&[Shenoy. J. N. f& , Abstracta of int. Conf. on 

Silicon Carbide. Ill-Nitrides and Related Material 
s. 0997)] o n + V7*hl'-h2 1 a±\zmm$tltz h 

&*««2 2<o±(on yd -7 vmn&2 1 b(Dmmm\z. 

n + V-*mW.2 3^JS;^i^rv^^ 0 roOn + y- 
*«« 2 3 \zm-£ft,tL n Kli 7 h 2 1 b <D£tffi± 

T^5 0 n + V — J*fpi£2 3 7 
J&s. n + t^hU-F2la(DlI(;KW^li2 

8#^;ft^;KI^^Tv^ 0 

[0 0 0 6] r^jTfiy- mft&p n»frT?tt* 2C 

®si2 6tciiEmjES:Hi»Di-sr Victor, y-hm 

V-^^l2 7i:^|cfi»7 >g y-hS 
^2 6KA«EE£rl?flDl-*ur, KKyffi2 8ty- 

^^^*tt*r#i-. y— * • Ku-r>-(7)rfl(Dmsfip + 

togLfciflligfc: Lfcfc 5 0 :©MO S F ETit 

v— hmm2 e^comzmmc^^xwrnm^^mi-^ 

<OX\ ACCUFETi^5 0 
[0 0 0 7] Hjl 5\*m<DffimmWtBE.MOSFRT<D<0 

^-fe^O»»»ffl5H-C*>S[0nda.S.« , Phys. Sta 
t. Sol. (a), vol.162, p. 369, (1997)] 0 n + ^zf^Y 

^- h 3 1 a-b^SfJi^tbfcn Ky 7 M3 1 b©i® 
«f-p-<-^€H«3 2*s»jaS*u *Op 3 

SEl:y-^a2 7^ n + VZ/X hi/- h 3 1 a<0 

[ooos] c ?-hm,mm3 6\cjEmEEz 
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20 S) »5S#. s i C-Cfi^fcH^T^^VN^icfe^o 
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T\ ^^<MOSFETm^t^tl5 0 
[0 0 11] CtblCl^U SiCTIi^^Alfc 

0 0 0t£(±-C(O^t^A, £fcl 6 0 O^J^iT-^ 

^Tl^^ntli9it^5c s i c**o»tt 

[0 0 12] KJ:0|B«|cK*j*:J8W<0 S Wtt, 

Ybl* V ^fKS F E T 0»jg*fe*3 «t UCfitlbtt V s*«S F 
[0013] 

t^$titir«iiy- hffl«, ^-^liy-^ 
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[0014] M?L^ JM*:f$teX;iI£ LTIi, JO 
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Rftizm-m-mm Ky7 hJf <D3t®Jf lcSg-;|rmMy~ 
*^^J&cDfc£<^i&^ m-<n-* 

-mmm k y 7 h/ioa?®/iicsg-^ft§jy- hffijg^ 

[0015] -t©J:5^i"ixRf, ft^;«©if^ 
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[0018] ^*tt4iat ini n-ign; 

mS-rs £ co^^^ fetes* 

nm^m—mmm Ky 7 hs^ssjd*— mwmy— 

Ky 7 h«ro^ffiJltc:*-gf«S!a«>i&^««^«;^fe 

o-v * ^ id j: 19 y — ^ fe*x^ 

[0 0 19] ^ir*^ffl«^jfett, *- 

(O-^^^T^fe fetus cox, -^^^-^^^^ J:S^^— 
^[pj^^ix, »«te$0Wd5pTfjgJcteSo *— ^m^y- 

h^lt y-^m^^ftoftip^i-. ^z^ns 

ftS-ir^T^So 
[0 0 2 0] B'J^^fe^: IT, «ffi#t*S^*»fcx--'< 
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t urit *-*fta«*b^*ij-:/;* h b±^m 

y7 H©8ffi±luJg-^7^SrfSct5I8i, Hi 
fit, *^**©fl^<Bffv*SMJ"|£j; 5a«MlcjR— 

SKXR(c:iMMblcJ: 0 ^- HMbMlfr»*i-5xa 

«tw«^»ttffl^**R«tA«K***raxai. * 20 

[0 0 2 1 ] wO^t^^^^^CO^ffeU, |g-<7} 

[0 0 2 2] <0^**0>fl8*|C-tf--Y K?* — 50 

[0023] m-mmm^^? t hmt&Mi&<ntz£><nm 

[0024] Mic, I-ttly-79«, f§x>nm^ 
<£>t-t-tvtf, s i c^c^oV^T tfil^tci^F^^^i^^^; 

[0 0 2 5 ] ^■•Y*/uffl«<Z>^«ftaiS^«!lfflli-5^i: 50 
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«« ^asm o&^gg $ # ^tg^ y ^ ^ mm** b&z 
t>*% m is tar mi » fc» < * s #Hb it v mvm f e t t -r 

[0 0 2 6] MXilWlS^-^fi^ir-aj^jMJi-sj: 

[0027] m— &mmy-*mmtm c^it^z^ 

[0 0 2 8] 

LftdJ^ftCKWtS, fcfcU [Hi 3-1 5i:^ii 

fcpft^MOS FET^t>*^BW*«iSJ6^ItBftC i: 
tt^»TfcS 0 C-T?RMi-<bR^bttv^ttA< 

[0029] [ni6«y 1] ii tt*&wm-<Dmmm 

(&TSS«i tie-To £ATI^«) Iwd^SS i c J F 
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- h 4 1 a J:l^fc°*^v^/W&:^(-J: >9n KJ/7M 
4 1 btfffimZtltlV =z^\Z&\,^T, n 1 

n + y-^«4 3i:p + Sfcfc*««4 2£0>&ffi|c 
*iit-»»UTy-^«ffi4 7ASR»te>ix, £fcn + 
7* hi — h 4 1 a OliCg^tt KW>1S4 8 

[0 0 3 0] EfefcTM *>^g 
fST*^^ 0 n + Ih:/* h u — h 4 1 a <D^j&^gfi 1 
X 1 0' 8 c m 3 ,f$ 3 5 0 /im, nKy7hl4 1b 
<D*tlft^ l x 1 0'« cm 3 s l 0 ^m e p* Sfc 

^«*4 2 oftfs^*fiiifcastt 5 x i o 18 cm 3 s m 

£0. 5 umX\ ^t(D±[Z0 . 5/!m(Z)nKJl7Fi4 
lhfrhZ> 0 \%m<Dp + S«)j&^ffi«4 2 0(W0R|H| 
ft, »5/imT?fc5 0 n + y-^f«4 3^«(*»J 
HlX10 ,9 cm 3 , i^$0. 2^mT\ « lift 3 
Mm. py- h<M%4 4<D*:tin, 5Xl0 18 cm 3 , 
&-8-m£0. 2 Ili^2jumtfc5 0 n + y — * 

i*4 3t P y« hffi«4 4 t<Dffl<Dmmn%oi M m-e 

*>9, nK!J7hl4 1b«i(:iLt^ e 

t>W feftfcDflSlU 7 a <D*££te, 0. 7/im-e, 

[0 0 3 1 ] Bl 3 0«IJ FETirgoTV^M, 
y-^m^4 7 £ KWytS4 8 £as¥*fc£ffi<DW 

itm&&&r>. n + y-7g«4 3tnKy7M4i 

[0 0 3 2] (a) ft^L (f ) *5j:lflg 3 (a) 

(d) te N @ 1 <7>H2g#l 1 C7) s i C J FETcD^J 

— h 4 1 a _blc^ K-y<On K!i7hl41b Sr^b'^ 
^rV-y/u^lc J: 9^jf Lfc4H- S i cmfaZmffi-f 
3„ Wtlf, n Ky7hl4 lb^Mgfiixi 
0 16 cm- 3 , 0/imTfc5, t^nK!i7M 

4 1bOtI±C, *»fii^y =>Bll S:«ffCVD«fe 

K:J:9i#8fU 7thyy^77nv^-yML 

m-^**Ml ti~Z> [B2 (a) ] 0 Sg-^^ 
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o e #fefaVy ^ 1 (Of $H 1 tf m t Lfco r 

(£*Ts i 02 JK^Ki-) , ^fcitv^Mfcsv^^;*- 

70 [0 0 3 3] v y 3 >I 1 v ^ ^ M 1 

icscvDftici: 5sioz M2«:4§gfu 7t hyy 

^77>fW-y«Lt, f-^7^M2 t Lit 

irlSi") ^^4 a £r&AiT5 [RIB (b) ] 0 4bli 
?iA$tufcNi^T-T*fc$ 0 :L*Uin + y-^4 3i 

&<Dtzib-?&> v \ mmmmn iookev, k— x*« 

^)5xio'5 cra -2 tfo5o ^>-&A^<7m®Ji, & 

j^ru^s i 02 K-efcSi&sttfcv^s, 

•^^^M2 i: IT, ±<Dm<D& 9l-S i O2 »£/Bl\h, 

30 EtSBi") ^«t0> S iOz I^^av'ynyiox 
1 (-^LTlRW^i^tf St^-Cfotttf J;V\> jR 

[0 0 3 4] S i O2 l^gZ-7X^M2 ^f^^L, W 

m&CVDmz± ^ S i 02 I2^fiu r7^- h y y 
^77^Tv^-y^MLT, ^E-7X^M3il/: 

IB-T) >T ^> 5 a [RBI ( c ) ] 0 5 b 

tzlbX'h K> . ^Digm^te 1 0 0 k e V. K-Xifj;^ 5 
xlO ,5 cm- z T$)5c :^t)^£-77^M3fi^ 
■fLfcS i 02 M-Cfc5^Stt*<, 

^^mi ti^-efcnwri: 
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I 0 0 3 5 ] S i O2 I(DlEv ^^M3 U 7 

* h y y^77n^s-77^-9Mi b 

U ^-7X^-^iMl a£^f [I^E (d) ] 0 ^ 
Ufc^— -^^^<d— a ^-^^^ iTfK/B-ft 
>5a^At5 e [Mm (e) ] 0 C*Uip* iS£>i£ 
*1»«4 2 J&]&<Dlt JD3S«Ett4 0 0 k e 
V, K-X*±m X 1 0" cm-2-e&* 0 DD8tff$. 

[0 0 3 6] SILfcfg— ^J*^tf>— UM1 a SrBfc&U 
i!ICN>l't>'4a^At5 0 [RIB (f) ]. 4b 

<&»**]« <0fc 9 , »liS«Ett 2 0 0 keV, K 

-XSfi^l x i o 12 cm- 2 Tfc5o -OffJ|c P + 
i&3MH#c4 2cDfc&CD^VW;^:xaA£:teC&oTV^ 
fc&s p + S&i&^fiWjU 2OJz^*S»ffiJf(0n Ky 
7 hS4 l b^c:{iB^^A$^^TV^-5o N-f^co 

MlftoKil^NMIAtt, » 5 X 1 o 1 5 c m 20 

[0 0 3 7] 1 6 0 0t 2B»|B©ffc«La«:*5iftV\ 
Lfc^^ $rSttt ^ C t J: o T n + V-^ffi 
^4 3, p^-h®^4 4, p + M*b&&mi$i4 2CD# 
«**«»rt$*t5 [El 3 (a) ] 0 3fct->£-<fc«fc 9 

5r4 0 0keVtil< lfc^tt:J;ot, i^^O. 8 /z 

^Jb^fl^jO. 5 ^mCOn Ky 77 4 1 h&m£tl 

TV^ 0 py-hS^4 4, n + V — ^W$.^3(DWi^ 
tt* #*)0. 2 ^ mtfeSo 

*£*S1-5 [^m (b) ] e y^7^-r -cftE3"^ 

^^M4«u m-y^itmm (cf 4 > (o 

z ) Srfflv^R I ET% n + V-^®^4 

30^®^^p + ti^^^4 2lr^i-^lU]*|5 4 7 a 

*mi&ri-z> mm (c) ] e 7thyy^77^ts i 

4 7*5j;tfy- M@4 6 ti-So n + f ^ h L — h 

[ma (a) ] 0 

[0 0 3 9 ] ±IBoi:5*»it*ffiSri:S^t*c:J:9. 
il^iES i c«S! J FET^i-o^^r^x^fCo 
*US09l<7>S i C J FETTU ^X^<D— ftJMl 

b©*:J:otn + V-^4 3^$^ fg-^ 
^Ml b0>giJ<Z>$8i:, ^*^OSiJtf>g8#M 
1 a t ICJ: o t p hg«4 4 ^a^$tltV^o £ 50 
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bizm— * f <D%\<DUftM 1 a Ciot, p + 
^ffl*4 2 ^Wf$iiTV^5o ~ CO J: ? Id. ?FM^l 

[0 0 4 0] ^ir^/Hpt&<D;^£teMO SFETOlfi 
W&F8±&lbxm&-T?h2>&, &Mti§M l cos i C J F 

*«*9ds»C^So KffLfcl 5 0 0V^7^JF 
ETO^Jggttt, 15mQ' cm- 2 tfiV^flSr/7l 

[0 0 4 1 ] p + S«)5&^««4 2^D3S«JE<0 

KW^i£AW&j5i!cLTs »*ai$«rfll< Lfcfcat), 
fiCl 5 0 0 VJ^±(DfliE^^T*t^ nKy7 

hJi4 l b o*MJc^3ffitt*flf$ij|Bioytai>oN-<^-^ 

iiAII^M^f^^a^t, MOSFETOl 

[0 0 4 2] Ma£27&£ LTte, |o^«t%ib 
ttSo WiW!, n + y-^4 3tpy-h|li4 4 
t Sr^-r^^^^ ;^&A(aJWm*i£"et> £V\, * 

>-fi£Att*4iO^*5w*oTts«tv\ -f ;^?£A£r l 0 0 

[0 0 4 3 ] [*Jfiffi| 2 ] m 4 fi*^^^3^>H^J^ 
WSiCJFET©»»Kieat?fc5 e iiiUBl 
<D&ffim-X?hZ> 0 roMW S i Cltt 
®l-im^j^j££;h,-i\ nKy7hl5 1b^Hl: 
P + S#i£3MiI:f&5 2 IC^-fS p + ^y^^ hii|c5 2 
a dS^fig^^-CV^r. ^CD^^dn* y-7«5 3i: 

[0 0 4 4] n + y — *1fi#5 3 Mf$,cr>tz£><DN ^ J-^ 
&A<7)^CD ((§12 (b) (DM2\zmmi-Z>) t L 

n + V — ^«*5 3^{R|«rt>a^-r5-^^^S:{e 
^b, lElwgU^-^^^ ^^V>T p + 3>^^h^l^5 2 
a^JER<Ofe«><DB'r^^aASrfi l x.tfav\ rcoj: 9 I- 

[0 0 4 5] n + y-^W5 3^i^t5^) 
^^ CO— ^5 (©2 (b) (^)M1 bi^iif 

5) -Cfc5ii:l:ftfe*)lii<, ^^*/H»«oft$H 
**«1©S i C J FETi^it'fo^ P y-hgi 
4 4OTtonft^W60(l ^^*/uSd«M< 
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[oo46] mmw 3 ] m 5 h**w«h<& ustJUK. 

^SS i C J FET(D«»»fffiia-Cfe5p CfufcBIl 
<£>S i C J FET©J5ii tiV^^o EKDSiCJF 

64tnKy7h§61 b<DSffilC*iitc»ttLTV^5 

3yh%-S^^t5J;9^I, #J*Lf;£Ti, A 
1 x P t*ifMH*i-s. 

[0 0 4 7] *ftft|l<DJ F ETffii 1 ^&t>^$ <fc 

#-?<D^=:^^ h^btitv^o c<oSattfigt*/h 

«Sr»JISUTV^ 0 $IWJ3 0JFET(j;COM^ 
»t-C*<, n Ky 7 h§6 1 b(7>S®|lt)SftllLTV^ 

[0 0 4 8] C©HSM3<DJFETI^V^t, n + 

ZtxTteV^ *S«i©jFETtB«l:ft*^ 

[0049] [^is^u 4 ] m 6 ti^^^^ggoms^y^ 

S i CMOSFETWIrlEJT'foSo n + tf- 
h U— h 7 1 a Jifcatr^^f^/^Jtfcj: 

^171 b <Dmmfab'j>\^m\s^i<Lmzp + 

Ky7hi7 1b^II(Cn + V-^S«7 3« 
[0 0 5 0) nKy7hl7 1b^i± 

e*7 6i, y-*^§7 7 ifc**-*-*i5 5*jBvy 

##7* (BPSG) ^ilT'fc^ 0 n + V-*m%L 
7 3<DmmfrbffiyTtft>tltzWM7 7 atf$>V s lz<D 
^i«ot s n + y-^H7 3^:p + ^#>i£^fpi£ 
7 2 i:o«ffi»c*5ilcSHtti-5y — ^«g7 7&&llb 
tl. titm* hl/-h7l a OliCeHiLT K 
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MMbBt7 5<Dm$n5 0 nnu h mJ^JI 7 6 CDJ? 

[0 0 5 1 ] d (DMO S FETtACCUFETt P^f£ 

£ £ l:J:oT, hmffiS 7 6jET^>n Ky 7 YM 7 
1 bO*ffi»»^*«JBdS»fi$n, KW^«ffi7 8 

y-^m^7 7 ^fan-m^^So y- 

£ y-^m^7 7 £<DWo«aE«rjg»rt-5 - 

^>-yj$tg£r^i- 0 y— ^ . Kt--f >-(^^co^:jE 
Hp + 7 2 3oJ:t)tnKy7hl7ibo?H 

[0052] {§17 (a) ftV^L (e) *5«fctfl2l8 (a) 
^^l- (d) fi x |§)6 OH;&g#ij4<^S i CMO S FET 

xatc:oVN-cm0^-r^ o n + hU— h 7 1 a-Lte 

20 S¥K— /©n KJ/7M71 b&cn^* 

^!?«JIUfc4H-S i CStRSr«Wti-5o nKy^h 

l\, Ky 7 hS 7 1 bO^ga-bld, *tt*vy = 

>lltS:«JECVDfe^J:9ifl8ru 7thyy^77^ 
Tv^-y^LT, ^-v7^Ml [12] 7 

(a) ] o ^-^^^Ml Ji, W^) M1 a 
MlbC0#^^^5 o 7^^M1 fi^-f 

30 [0053] ^esvy=yR^-T^^M 1 £>_b^ 
^cvDfeia ^sio 2 ^^itmu, -7* v y y^^ 

nI^««!:4Mty«lttfN^ty4 a ^tt 
A1~5 [|^BI (b) ] „ r.*Lfin + y — ^mW.7 ZWstfL 

T*J:V> 0 :^I^^M2I1 MltS i o 2 rfo 

[0 0 5 4 ] S i O2 Mlv^^M2^i4L, "7 
^- h y y^77^tf-T7^0-^Ml a ?r^Ufc 
^x p ^ t ^Jili B ^ t y 5 a $r^A 

i~h mm (c) ] . ^ttfip + S*i&^«B4S7 2tTM 
(DtztbX'h *) , ^JDiimJEt2 4 0 0 k e V N K— Xgfi^) 
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10 0 5 5 ] m L1zm—*X# (D—UM 1 a U 
N^fty4a^At5 0 mm (d) ] c Ztlttn* 

ffii2 0 0 keV. K-X*waSi X l 0 1 * cm- 2 -Cfc 
5 0 160 or, 2#|Bojft««*r*3i4v\ SALfc 

^»rt**b5 [ram (e) ] 0 

[0 0 5 6]*ffil:, 1 2 0 013, 2Gtm<Dmmk\z± 10 
MMW7 5k45s i OzK^^L, ttv^T 

mi&mi nmi£m-tz> cms ( a ) ] 0 

tt^iiffc^o y- hmmm7 6 count L-m^jjg 
=>offi^^-y -77 >> (mo) *ifj&sfefflBrtg-c 

[0 0 5 7] 7th^h^u 7thyy^7 

mm 7 6 i: Lfc&, *ffitccVDffi^«fc 5, 20 
Vtttfvx (BPSG) fc*fO|ft»K7 9£m«f * 

[rasi (b) ] 0 y ^7 :7 -r — ^^js 

U B37y<b«* (CF4 ) £: KM (02 ) k<Dm&tf 

+ m«>i&<wfi« 7 2 \zmt s mm i a *m&li-z> m 

■(c)]. 

[0 0 5 8 ] 7thyy^77^t«l7 9l:=>^ 
(d) ] 0 w^^J6^J4 £DMO S F ETI:j3V^t t>, 

+ ^£&^*§!c7 2<0*WBjes*i,-cv*3. ^(DJ:o 

[0 0 5 9] ^ot, Hi£#iJ 1 J FE T^r^l: 1 . 
hhZ> a n Ky 7 M 7 1 b^ilC^Wtlfi 

[0060] h^b^7 s^si cmm±\z 
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[0 0 6 1 ] n + y-^«7 3Wofc^N^i-y 

^5 2 a^fifcOfc«>©B-f ^^A«rfT*.«, (MSB 7 7 
a «:Mtf , £S*ffiK«ffi*rRtf5 5. 

^*/HR«©*Stt3aiS«4 0S i CM 
OSFETiHft *S>-^ »*J:<WjatS^ ft* 

[0062] immm 5 ] ■ 9 a^xniiisiomkM^ 

WS i CMOSFET©^»rIiJ-cfe5 o n* ^ 

^ hu- hs 1 a ±\£=-x**is-YA'm&\z.j: vmm 

U:nKy7h|81 b cv^mfrh'J? LglvM£@lc p + 

**w*s*u, "t<D±jj\znm$imz n + y-*ffl«8 3 

tt, n + y-^8 3^^^1, ««a[j»WJC 
2 «fc fl^tt^fcp* =^nM8 2a«^il 
^<7)±t:li0 6 (DMO S F E T <t pli^MO Sfllit 

^Ritbixrv^. 8 9jiy-hm^i:. y-^mm 

8 7i^it5BPSG^iIt^5 0 n + y-* 
M^8 3<Z>*a&a*t,S0TJf ?>^Xfe0flW8 7 a *Sfe9, 
n + y-xSt8 3i:p + =>^n«8 2^II 

»-*iiJ-»*6LTy — ^«ffi8 7dSRttbix, ^fcin + 
•^^^ hU-h81a ^SIC^ tt K W 8 

[0 0 6 3] 3k#-r > ^i^s ><D-~mn, ?k(D£ 9 
ffi-CfcSo n* -^y^ h Ml a ^^J^^ig^ti 1 
X10 ,8 cm 3 ,f$ 3 5 0 Mm, nK!/7hJl4 1b 
^^^Ji, lX10 J6 crn3 , fM0/im o p-<-^ 
8 2 © AiS^ttftSaffej: 5 x 1 0 1 6 c m 3 , &*&m 
Si. 5 /i m. fSf{g?JOp-<— ^^gj^8 2 0^(Dre1R|fi, 

»6/£m"cfc5. n + y — *mi& 4 3 <D^1&yom&tel 

X 1 0 19 cm 3 % 0. 2/*m-C. «tt»5 M 

m > P + ^^^^ h««8 2 ©*it^«ft*aii 1 x 1 
0 19 crn 3 ,i^2. OMm, «tt»5/tm, nf 

9 0 eo^ttwaaii 5 x 1 0 1 5 c m 3 , 

m$0. 5/imtfc5 e n + y-^i8 3^ipA; 
-^««8 2 0«2:eD|«eDraBtt»2 MmW5 e St® 
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frt>m*)Ttfbft,tzmM8 7 a (omztt, o. 7^ 

0umX&>Z o y-hijb!8 5(7)f ^|j:5 0nm, y 
u mXfoZ> 0 

[0 0 6 4] El 1 0 (a) JfcV*L (e) *5j:tfBl 1 
(a) ttV^U ( e ) te, B 9 £>Hlg#iJ 5 S i CMOS 

FET©*S5a£«OJK5tXSJ«o»»»Si|g^fe5. £i 
TNSK:XSl::o^TttW1-5 0 $fci\ n + f^hu- 
h JbtdjB K-^n K!i7hl81b ^xf 
«*-i5 9ILfc4H-S i CSfi*»jlt5. nK 

[0 0 6 5]#l;:o/^--y^ ^-v7^M 
1 <7}$ftWc 1 — 2 /i mfcfcfc 9 y<— U 8 ^r?F^i-5 

fix ll^l:^ tyaAt 5^ i + try ^ - ^§r# 

X<D h'-XMi&fflfflTZ Z t «fc 9 % ^-^A 

[0 0 6 6] f(D8-77^M1^7^lTp^ 
«*fc45-<^-^«*.««5* (B) ^fty5a^A 
t5 BlO (a)], 5 bttaA^ttfeBiS^T?*) 

EEH3 0 0 keV, K-Xftttft 1 x l 0 * 5 c m" 2 "Cfe 

nmmt'tzz.b&vi?*. pa^*fi*nB©itAi 

[0 0 6 7] tk\^m C|-v7^Ml £-7*^ tltn 

[I^E (b) ] e 4 b»iaA$^fcnm^T-fe5o w*t 
J*n + y-*Hi$8 3 7J2/&<7}?ca6T-£>9. flDitm^^te 
»JU(^Dl00keV N K-X^fi^sxiO 15 
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ho ffiU flPitmEE3:{g;< LTV^OT% i£A£;ft,5® 

[0 0 6 8] £>m&is!) ayiojj- ^*^M 1 CQ_b{C 
(c) ] 0 R I RX*±m^^^->^Th w ^— 

^B^ty5 aSri£Ai"5 [RIB (d) ] 0 r^UiS 
»P + =*^*^ h®^8 4ff^f:J6T^^ mm 
mEE, 4 0 0 keV N F-Xfl^i x l o ,5 cra- z t 

[0 0 6 9] I-^^^Ml, K!)^- /U9^i 
Lfctt. ^SlCN^^>-4 a ^^A^1"5 0 [HB 

(e) ] Q Ztit±n?*4r*A4Rti9 0 <D7f>WfoWi&fam 
(Dtz#>X*&> r> s flDj£mJEfi2 0 0 k e V, K— 

* J *WP-C#5. 1 6 0 0*10, 2^^I§r^:/£ 

Ml&ZthZ) [01 i (a) ] 0 co J: 9 Lt, p 
^^8 2sn + y-^««8 3tS:ft»LTMt5 

[0 0 7 0 ]Sil: % I 2 0 0t, 2^F«|oJRKfbJ3:i: 

(9^- h^{kM8 5 £&5J?£ 5 0 nmCDf&S i O2 H£ 
Kl Srttl [P3B (b) ] 0 hiMfcJB 

$^>y##^;* (BPSG) fc^O&»«8 9&Jtt8t 

U 7thyy^77nv^-y^Mt5 [I^B 

(c) ] . 

[0071] my^itmm (cf< ) tmm (o 2 ) * 

©^^^V^RIET\ n + V — X^igc8 3 CO^ 
®^^p + =y^^ hfi«8 2 a IC*t5|!fltt8 7 a ^ 

40 m&Li-z mm (<n ] 0 7thyy^77^t?ffi»i 

U ? B^L^V>y- hm^^i-S [I^B (e) ] 0 n + * 

[0 0 7 2] rtO^^^ijSCOMOS FETI-*5V^T^i, 

^^F^^^AO^co^Digmffi^^^^ :i:taoT, 
n + y-^^8 3 t P^<-xmi£8 2<D9&&m&Zfr 

50 rvN^c 1-*h>*>i^#oi»owiPi-efcs^-y*/uSttfB 
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[0 0 7 3 ] ^oT, ^^A-Bj&SA&j-lcttfi* < mt& 

[0 0 74J nKy7M81 bOSfl&JIIil^ttfejfcft 
WW O fc <£> N ^ * y^AIg^JD i^/::tiao 
T, MOS FET^LtV>fBESr»J»i-5^fc^"Ct % 
/-7yt7©FETit5:ifeS5 6 Kit 

[0 0 7 5 ] iO«T{>y- h^blS 5#S i CM 

ycDMo sfet-ci e>*ifc h SCIC 

fc^o r^Ilil^TIi, p + ^y^^ hii|8 2 

^^^ON-f^-V^AOIBtc, n + V-^18 3W 

[0076] tmmme] mi 2 ( a ) &v>l ( e ) 

tt, IH9(OSi CMO S F E T t fStfRI C S i CMO S 

-S i Cg&£3£{ii-;5 0 n K V 7 hJi 9 1 b O^Ffcfc^j 40 
§9 1 b^Si±ic, /7X-7CVDj£ia^)I$|!]2 

A^mcos i o 2 «2£ii«u 7^Fy y^7nv< 

[0 0 7 7] t^Ev^^M3^-77^tttpi^ 
^i:^5^rtyteliB^ty5 a ?rftAt5 [(Hi 
2 (a) ] e SbliaA^ilfcBI^TfcSo w*U±ffi 

m&. 4 0 0 keV, K-Xfraixi0 15 cm- 2 t 
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[0 0 7 8] CF 4 + H 2 ;ff;*$r/|§V^:/7;*-7 

*M1 [|fam (b) ] . 

*<**K ffSttftl /imfclfeS. £*Lli. 

S i CMOSFETO^^^ ft^P^— 

[0 0 7 9] ^OWWStt 1 -^^^ UfcJS-^**M 

y5a ^At§ cnea (c) ] e itun P -<-^«« 

9 2Mf&<Dtzlb'?&>*)^ Dmm&ft3 0 0 k e V. K- 
1 x l 0 ,5 cm" z T'fe5o I-v^^MlOja 

J: 5*»*«ri-5 0 

[0 0 8 0 ] D^a5$rx-^-^tc: L/ii-v^ 

-Yty4a^At6 [MB (d) ] 0 d*U±n + V- 

*®*&9 3mj&<Diz#>-e&*) s tinmmmm ooke 

V, K-Xtfi^5Xioi5 cm -2-efe5o ADi$«£ESr 

[oosi] i-v7^mi ^^*Lrcm, ^®;cN-r 

*->-4 a Sr&ASrTSo [I^H (e) ] . Ctbfin K !/ 
^ h®9 1 b<Dmffim<7>n^**/l'fei$<D^tfey 0 fegftl 
»<Olt#>-?%> K> % fimm&l*. 2 0 0 k e V, K— XSM: 
^)lxiO' 2 cm- 2 T^ 0 wix^«t9, «;ttfL*n 
tt^«l»-C#5 0 wiVJ^fttt. 010 (a) J^O&A 

[0 0 8 2] CO^rffiSr^tu^ 15-77^3^5/ 

&#>XMf8.1- S^^*v\ fit, ajco^S 
^-l:/jiot, P^M9 2^ n y-^9 3 

[o o 8 3] m^mt Ltii, »od»(oae^t>%>te> 

>O^A [Ell 2 (c) ] £ % nV-*mm$L<Dtz#> 
^)nM^ ^"Vc^jiA [Ell 2 (d) ] 

-r^->^A [Ell 2 (e) ] ^l^-^ottJ: 
V\ 
[0 0 8 4] 



-13- 



(14) 



25 

[0 0 8 5] mzi%&&T-'<-mzi,tz^x?$;m 

[0 0 8 6] ^©J: p (CUT. !**ffifcTffljrefcofc 
*»fc»«ftf-ir*^*«rfeoj FET*5«fctKMOS 

ZhtzbLtz, *38Wtt, fflSU^FETldPRfeT. CM 
O S - I C^feOS i C^^H;tifettW^ 

[01] «^I-COIM^MOS FETOB^i 



[0 2] ( a ) - ( f ) ttHlSffil 1C5JF ET<Dm&Ji 
[0 3] (a) - (d) tt®2 (f) ^»<Hlfi-Wi(0 

j f ET<DT.mm<ou&mmm 

[0 4] m&m2(Dj FETCDUftWrffim 

[0 5 ] HJgtfiJ 3 <D J F E T<£>a$#Hf©[§] 

[0 6] IIM4^MOS FEToaj^^fSjgJ 

[0 7] (a) — ( e ) li^M!l4WMOSFET^ 

[08] (a) - (d) Iii7 (e) fctt< 3I1B0» 3 © 

mo s f e t <DT-um<DUftmmm 

[0 9] ^»J5^M0S FETCDUttmmm 
[010] (a) - (e) fl«ftW5©MOSFET© 

[011] (a)-(e) I1B10 (e) l-iBKUffi^J 
5 OMO S F E T <DT.MM<DUftWT&m 
[012] (a) - (e) HHS«6OM0SFET^ 

*a*tt«rKW1-5fcae)OXSfl|(^>as4>Bfffil2l 



70 



20 



50 



#H?^1 1-195655 

25 

[013] t¥*^> J F E T(Dffl$#»rffi|8 
[014] «(^)MO S F E T<DUftWrvfim 
[0 15] ^^CQgiJOMOS FET60^$^^f®|2I 

Ml, Ml a, Mlb 



M 2 


ft U*i 


TV if O 

M 3 




1 




2 


S102 I 


3 


ill 


4 a 




4 b 




5 a 




5 b 




6 




7 




8 




9 




1 0 




11a 




lib. 


21b, 31b, 41b, 


lb, 8 


lb nKy7hf 



13,23,3 3, 4 3, 5 3, 6 3, 73,83 n 
14, 44, 54, 64 p^hM 

i 6, 4 6, 6 6 hmm 

17,27,37,47,57,67,77,87 V 

1 8 
1 9 



2 8, 

3 9 , 
2 0, 3 0, 

2 1a, 31 



40 



3 8, 7 8, 8 8 Kl/^yi 
49, 59, 69, 79, 89 
40, 50,60,70,80,90 =f- 

a, 41a, 71a, 81a n + 



22, 42, 52, 72 p + SSbiA^ffi^ 

25, 35, 75, 85 ^— MMfcjR 

26, 36, 76, 86 V- hM^M 
3 2, 8 2 p^< — *fp:f§& 
37a, 47a, 77a, 87a \mU 
52a, 82a p + ^isfVYW®. 



[013] 



" 13 16 14 20 18 lis IB 

^d! ) uAi/i l Ki^ , 



16 14 20 18 11a 



8 



10 



-14- 




(15) 



#Bfl¥l 1-195655 



imi] 



[SI 2] 




41a n* KW>A 
41b n K U 7 HB 
42 p* 

44 P^-HR* 
46 



n 




47 v—: 
47a Wf$ 
4S KW>! 

49 *«R 

50 nf + *^|« 



41b 



CO 




«2 Ulb 

I I I 11 1 I I j/| KM K< 




CO 



i i j n 1 1 1 1 1 j 1 1 




V j 

n. 5t * — 

Ills 



41b 



Cd) 



iiiiiiiniiiir 



GO 



3- 



i 1 1 J J 1 1 1 j M n i- 



5b 
4a 



E 



[El 3] 



[SI 4] 



50 44 43 



GO 



n 



13 



4 



42 



a) 



E > <— 



CO 



49 



43 



3!= 



"n 



> 



47a 
42 



80 54 5S 57 







Hp: 


P r J 




n 


— c — 









[B5] 



52a 
-B2 



CO 



43 47 




66 70 64 




-15- 



(16) 



#P)^1 1-195655 



ims] 

79 76 75 80 73 77 

I ( 





66 85 90 82 63 87 

\ / I / 




B7a. 




[B7] 

Mia-y 1-Mlb 



(a) 




th 



1 1 1 i 1 1 1 i 1/1 1 1 1 h 




1 1 1 1 1 1 1 in i ii i h* 



Cc> 




n 



5b 



11 1 I 1 J I 1 1 I J M h 



Cd) 



4a 
4b 



73 



Ce) 







a 




\ 




Pt 




n , 


—i. 







72 




-16- 



(17) 



#f$¥l 1-195655 



GO 



00 



[0 8 J 



60 1 6 



72 



78 76 75 



!> ss s s g 



f>s ss svy 



n 



76 




^ v\ v\ v \ V\ W 

^-.w Hfi cj*j « ir<iL> unfa) ijil *w -.f - r- ^ t ^ • i 



n 



n 





00 



0>) 



[iio] 



Hi 8 



J i I 1 1 I I 1(1(1 1111- 




n 



-81b 



J J 1 1 1 1 I 171 1 1 J I J- 



CO 




1 1 1 mjjjj] i /i j 



n 



5b 



1 1 1 -f 1 1 1 1 1 j 1 1 1 r! 



Ce) 



n 



-17- 



(18) 



#[P]^1 1-195655 



GO 



(b) 



Cc) 



m 1 1 ] 



90 82 



83 



P* 




OS- 



82a 



I 6 

J I 



p* 




n 



\ — Tfr- 



en 



B9 86 85 



w w 





H_2 



\\ \V m ik ^ g 




63 87 



(e) 




Ca) 



(b) 



[(Hi 2] 



1 1 1 1 1 j I j7i I J 1 1 




5b 



111 



CO 



1 1 1 1 1 am iiii i 

^sss±^ 



II 



5a 



5b 



Cd) 



iiii 1 1 1 jti 1 1 1 1 r 

- ™ V 



4b 



11111111111111- 



Ce) 



4a 

4b 



-18- 



6/13/2006 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The first conductivity-type drift layer which consists of silicon carbide by which the 
laminating was carried out on the first conductivity-type silicon carbide substrate, The second 
conductivity-type gate field and the first conductivity-type source field which isolated to the 
surface layer of the first conductivity-type drift layer mutually alternatively, and were formed in 
it, The second conductivity-type embedding field alternatively formed in the lower part of the 
second conductivity-type gate field and the first conductivity-type source field, The gate 
electrode layer contacted and prepared in the front face of the second conductivity-type gate 
field, In the manufacture approach of the end-fire array FET which has the source electrode 
which contacted the front face of the first conductivity-type source field and the second 
conductivity-type embedding field in common, and was prepared in it, and the drain electrode 
prepared in the rear face of a silicon carbide substrate Some of one [ of the first mask ] edges 
prescribe one edge of the first conductivity-type source field. The manufacture approach of the 
silicon carbide end-fire array FET characterized by for some other ends of the first mask and 
other parts of the first mask prescribing the second conductivity-type gate field, and for other 
parts of said first mask prescribing the edge of the second conductivity-type embedding field, 
and forming each field. 

[Claim 2] The process at which the first conductivity-type drift layer which consists of silicon 
carbide on the first conductivity-type silicon carbide substrate forms the first mask on the front 
face of the first conductivity-type drift layer using the substrate in which the laminating was 
carried out by epitaxial growth, The process which forms the second mask which consists of an 
ingredient which is different from the first mask so that the first mask and part may overlap, The 
process which introduces the impurity for the first conductivity-type source field formation into 
the surface layer of the first conductivity-type drift layer alternatively with those masks, The 
process which forms the third mask which consists of a process which removes the second mask, 
and an ingredient which is different from the first mask so that the first mask and part may 
overlap, The process which introduces the impurity for the second conductivity-type gate field 
formation into the surface layer of the first conductivity-type drift layer alternatively with those 
masks, The process which leaves a part of first mask and removes the first mask and the third 
mask, The process which introduces the impurity for the second conductivity-type embedding 
field formation into the surface layer of the first conductivity-type drift layer alternatively with 
the mask, The heat treatment process for activating the introduced impurity, and the process 
which forms the fourth mask in a silicon carbide substrate front face, The process which forms 
the crevice which arrives at the second conductivity-type embedding field from the front face of 
the first conductivity-type source field with the mask, The manufacture approach of the silicon 
carbide end-fire array FET which consists of the process which forms the fifth mask which 
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consists of an insulating material, a process which vapor-deposits a metal membrane, and a 
process which forms the gate electrode which consists of the metal membrane, a source 
electrode, and a drain electrode. 

[Claim 3] The process at which the first conductivity-type drift layer which consists of silicon 
carbide on the first conductivity-type silicon carbide substrate forms the first mask on the front 
face of the first conductivity-type drift layer using the substrate in which the laminating was 
carried out by epitaxial growth, The process which forms the second mask which consists of an 
ingredient which is different from the first mask so that the first mask and part may overlap, The 
process which introduces the impurity for the first conductivity-type source field formation into 
the surface layer of the first conductivity-type drift layer alternatively with those masks, The 
process which forms the third mask which consists of a process which removes the second mask, 
and an ingredient which is different from the first mask so that the first mask and part may 
overlap, The process which introduces the impurity for the second conductivity-type gate field 
formation into the surface layer of the first conductivity-type drift layer alternatively with those 
masks, The process which leaves a part of first mask and removes the first mask and the third 
mask, The process which introduces the impurity for the second conductivity-type embedding 
field formation into the surface layer of the first conductivity-type drift layer alternatively with 
the mask, The process which forms the fourth mask in a silicon carbide substrate front face, and 
the process which introduces the impurity for the second conductivity-type contact field 
formation which arrives at the second conductivity-type embedding field with the mask, The 
manufacture approach of the silicon carbide end- fire array FET which consists of the heat 
treatment process for activating the introduced impurity, the process which forms the fifth mask 
which consists of an insulating material, a process which vapor-deposits a metal membrane, and 
a process which forms the gate electrode which consists of the metal membrane, a source 
electrode, and a drain electrode. 

[Claim 4] The manufacture approach of the silicon carbide end-fire array FET according to claim 
2 or 3 characterized by performing each installation of the impurity for the first conductivity-type 
source field, the second conductivity-type gate field, and the second conductivity-type 
embedding field formation by the ion implantation. 

[Claim 5] The manufacture approach of the silicon carbide end-fire array FET according to claim 
1 to 4 characterized by preparing the electrode which forms the front face and the Schottky 
barrier of the first conductivity-type drift layer. 

[Claim 6] The first conductivity-type drift layer which consists of silicon carbide by which the 
laminating was carried out on the first conductivity-type silicon carbide substrate, The first 
conductivity-type source field alternatively formed in the surface layer of the first conductivity- 
type drift layer, The second conductivity-type embedding field alternatively formed in the lower 
part of the first conductivity-type source field, The gate electrode layer prepared through gate 
dielectric film on the front face of the first conductivity-type drift layer, In the manufacture 
approach of the end-fire array FET which has the source electrode which contacted the front face 
of the first conductivity-type source field and the second conductivity-type embedding field in 
common, and was prepared in it, and the drain electrode prepared in the rear face of a silicon 
carbide substrate The manufacture approach of the silicon carbide end-fire array FET 
characterized by specifying one edge of the first conductivity-type source field with a part of first 
mask, and specifying the edge of the second conductivity-type embedding field by other parts of 
said first mask. 

[Claim 7] The process at which the first conductivity-type drift layer which consists of silicon 
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carbide on the first conductivity-type silicon carbide substrate forms the first mask on the front 
face of the first conductivity-type drift layer using the substrate in which the laminating was 
carried out by epitaxial growth, The process which forms the second mask which consists of an 
ingredient which is different from the first mask so that the first mask and part may overlap, The 
process which introduces the impurity for the first conductivity-type source field formation into 
the surface layer of the first conductivity-type drift layer alternatively with those masks, The 
process which leaves a part of first mask and removes the first mask and the second mask, The 
process which introduces the impurity for the second conductivity-type embedding field 
formation into the surface layer of the first conductivity-type drift layer alternatively with those 
masks, The process which removes a part of first mask which it left, and the heat treatment 
process for activating the introduced impurity, The process which forms gate oxide in a silicon 
carbide substrate front face by thermal oxidation, The process which carries out pattern 
formation after depositing a polycrystalline silicon layer on the gate oxide, The process which 
forms the third mask after covering an insulator layer, and the process which forms the crevice 
which arrives at the second conductivity-type embedding field from the front face of the first 
conductivity-type source field with the mask, The gate electrode which serves as a process which 
prepares the aperture for contact in an insulator layer, and vapor-deposits a metal membrane 
from the metal membrane, and contacts a polycrystalline silicon layer, The manufacture 
approach of the silicon carbide end-fire array FET which consists of a process which forms the 
source electrode in contact with the first conductivity-type source field and the second 
conductivity-type contact field, and the drain electrode in contact with a silicon carbide substrate. 
[Claim 8] The process at which the first conductivity-type drift layer which consists of silicon 
carbide on the first conductivity-type silicon carbide substrate forms the first mask on the front 
face of the first conductivity-type drift layer using the substrate in which the laminating was 
carried out by epitaxial growth, The process which forms the second mask which consists of an 
ingredient which is different from the first mask so that the first mask and part may overlap, The 
process which introduces the impurity for the first conductivity-type source field formation into 
the surface layer of the first conductivity-type drift layer alternatively with those masks, The 
process which leaves a part of first mask and removes the first mask and the second mask, The 
process which introduces the impurity for the second conductivity-type embedding field 
formation into the surface layer of the first conductivity-type drift layer alternatively with those 
masks, The process which forms the third mask in a silicon carbide substrate front face, and the 
process which introduces the impurity for the second conductivity-type contact field formation 
which arrives at the second conductivity-type embedding field with the mask, The heat treatment 
process for activating the introduced impurity, and the process which forms gate oxide in a 
silicon carbide substrate front face by thermal oxidation, The process which carries out pattern 
formation after depositing a polycrystalline silicon layer on the gate oxide, The process which 
covers an insulator layer, and the process which prepares the aperture for contact in the insulator 
layer, and vapor-deposits a metal membrane, The manufacture approach of the silicon carbide 
end-fire array FET which consists of a process which forms the gate electrode which consists of 
the metal membrane and contacts a polycrystalline silicon layer, the source electrode in contact 
with the first conductivity-type source field and the second conductivity-type contact field, and 
the drain electrode in contact with a silicon carbide substrate. 

[Claim 9] The first conductivity-type drift layer which consists of silicon carbide by which the 
laminating was carried out on the first conductivity-type silicon carbide substrate, The first 
conductivity-type source field alternatively formed in the surface layer of the first conductivity- 
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type drift layer, The second conductivity-type base region alternatively formed in the lower part 
of the first conductivity-type source field, The gate electrode layer prepared through gate 
dielectric film on the front face of the first conductivity-type drift layer, In the manufacture 
approach of the end-fire array FET which has the source electrode which contacted the front face 
of the first conductivity-type source field and the second conductivity-type base region in 
common, and was prepared in it, and the drain electrode prepared in the rear face of a silicon 
carbide substrate The manufacture approach of the silicon carbide end- fire array FET 
characterized by for a part with the thick thickness of the first mask of the shape of a taper with a 
loose edge prescribing one edge of the first conductivity-type source field, and specifying the 
edge of the second conductivity-type base region by the part with the thin thickness of the first 
mask of said first mask. 

[Claim 10] The substrate with which the laminating of the first conductivity-type drift layer 
which consists of silicon carbide on the first conductivity-type silicon carbide substrate was 
carried out by epitaxial growth is used. The process which forms the first mask of the shape of a 
taper with a loose edge on the front face of the first conductivity-type drift layer, The process 
which introduces the impurity for the second conductivity-type base region formation into the 
surface layer of the first conductivity-type drift layer alternatively by the part with the thick 
thickness of the mask, The process which introduces the impurity for the first conductivity-type 
source field formation into the surface layer of the first conductivity-type drift layer alternatively 
by the part with the thin thickness of the first mask, The process which forms the third mask in a 
silicon carbide substrate front face, and the process which introduces the impurity for the second 
conductivity-type contact field formation which arrives at the second conductivity-type base 
region with the mask, The heat treatment process for activating the introduced impurity, and the 
process which forms gate oxide in a silicon carbide substrate front face by thermal oxidation, 
The process which carries out pattern formation after depositing a polycrystalline silicon layer on 
the gate oxide, The gate electrode which serves as a process which prepares the aperture for 
contact and vapor-deposits a metal membrane after covering an insulator layer from the metal 
membrane, and contacts a polycrystalline silicon layer, The manufacture approach of the silicon 
carbide end-fire array FET which consists of a process which forms the source electrode in 
contact with the first conductivity-type source field and the second conductivity-type contact 
field, and the drain electrode in contact with a silicon carbide substrate. 
[Claim 11] The substrate with which the laminating of the first conductivity-type drift layer 
which consists of silicon carbide on the first conductivity-type silicon carbide substrate was 
carried out by epitaxial growth is used. The process which forms the first mask of the shape of a 
taper with a loose edge on the front face of the first conductivity-type drift layer, The process 
which introduces the impurity for the first conductivity-type source field formation into the 
surface layer of the first conductivity-type drift layer alternatively by the part with the thick 
thickness of the mask, The process which introduces the impurity for the second conductivity- 
type base region formation into the surface layer of the first conductivity-type drift layer 
alternatively by the part with the thick thickness of the first mask, The process which forms the 
third mask in a silicon carbide substrate front face, and the process which introduces the impurity 
for the second conductivity-type contact field formation which arrives at the second 
conductivity-type base region with the mask, The process which removes the first mask, and the 
heat treatment process for activating the introduced impurity, The process which forms gate 
oxide in a silicon carbide substrate front face by thermal oxidation, The process which carries out 
pattern formation after depositing a polycrystalline silicon layer on the gate oxide, The process 
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which forms the third mask after covering an insulator layer, and the process which forms the 
crevice which arrives at the second conductivity-type contact field from the front face of the first 
conductivity-type source field with the mask, The gate electrode which serves as a process which 
prepares the aperture for contact in an insulator layer, and vapor-deposits a metal membrane 
from the metal membrane, and contacts a polycrystalline silicon layer, The manufacture 
approach of the silicon carbide end-fire array FET which consists of a process which forms the 
source electrode in contact with the first conductivity-type source field and the second 
conductivity-type contact field, and the drain electrode in contact with a silicon carbide substrate. 
[Claim 12] The manufacture approach of the silicon carbide end-fire array FET according to 
claim 10 or 1 1 characterized by preparing a sidewall in the side of the first mask and using the 
first mask and its sidewall as the third mask. 

[Claim 13] The manufacture approach of the silicon carbide end-fire array FET according to 
claim 9 to 1 1 characterized by carrying out etchback of the third mask, and an edge considering 
as the first mask of the shape of a loose taper after passing through the process which forms the 
third mask with the thick thickness for the second conductivity-type contact field formation 
which arrives at the second conductivity-type base region, and the process which introduces an 
impurity with the mask previously. 

[Claim 14] The manufacture approach of the silicon carbide end-fire array FET according to 
claim 6 to 13 characterized by performing each installation of the impurity for the first 
conductivity-type source field, the second conductivity-type embedding field, and the second 
conductivity-type base region formation by the ion implantation. 

[Claim 15] The manufacture approach of the silicon carbide end-fire array FET according to 
claim 1 to 14 characterized by adding the process which introduces the first conductivity-type 
impurity for high-impurity-concentration control of a channel field into the whole surface of the 
surface layer of the first conductivity-type drift layer. 

[Claim 16] The first conductivity-type drift layer which consists of silicon carbide by which the 
laminating was carried out on the first conductivity-type silicon carbide substrate, The second 
conductivity-type base region where at least the part was alternatively embedded and formed in 
the surface layer of the first conductivity-type drift layer, The first conductivity-type source field 
formed in a part of upper part of the second conductivity-type base region in contact with the 
second conductivity-type base region, The gate electrode layer prepared through gate dielectric 
film on the channel field which is the first conductivity-type drift layer left behind on the second 
conductivity-type base region, In the end-fire array FET which has the source electrode which 
contacted the front face of the first conductivity-type source field and the second conductivity- 
type base region in common, and was prepared in it, and the drain electrode prepared in the rear 
face of a silicon carbide substrate Silicon carbide end-fire array FET characterized by becoming 
shallow almost linearly, so that the junction depth of the edge of the second conductivity-type 
base region keeps away from the first conductivity-type source field. 

[Claim 17] Silicon carbide end-fire array FET according to claim 16 characterized by preparing 
the second conductivity-type contact field where the junction depth is deeper than the second 
conductivity- type base region, and a source electrode touching the front face of the second 
conductivity-type contact field with high high impurity concentration from the second 
conductivity-type base region so that a part may overlap the second conductivity-type base 
region. 

[Claim 18] Silicon carbide end-fire array FET according to claim 16 characterized by embedding 
the second conductivity-type contact field, being prepared, preparing the crevice which arrives at 
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the second conductivity-type contact field from the front face of the first conductivity-type 
source field, and a source electrode touching the exposure front face of the second conductivity- 
type contact field. 

[Claim 19] Silicon carbide end-fire array FET according to claim 16 to 18 to which high 
impurity concentration of a channel field is characterized by being high concentration from that 
of the first conductivity-type drift layer. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a vertical mold 
field-effect transistor (it is described as Following FET) and the vertical mold electric field effect 
FET with the gate of the assembling die which used silicon carbide as a semiconductor material 
and which is a power semiconductor device, or the MOS mold of metal-oxide film-semi- 
conductor structure. 
[0002] 

[Description of the Prior Art] Since a band gap is large and the maximum insulation electric field 
are large a figure single [ about ] as compared with silicon (it is described as Following Si), 
silicon carbide (it is described as Following SiC) is an ingredient with which the application to a 
next-generation power semiconductor device is expected. It is applied to various electron devices 
until now using the single crystal wafer called 4 H-SiC or 6 H-SiC, and it is thought that it is 
especially suitable for an elevated temperature and the component for large power. The above- 
mentioned crystal is the alpha phase SiC of the form which carried out the laminating of a 
sphalerite mold and the wurtzite mold. The semiconductor device is made also for the crystal of 
the beta phase SiC otherwise called 3 C-SiC as an experiment. [, for example, Weitzel, by which 
CMOS-IC which is the general-purpose semiconductor devices, such as schottky diode, end-fire 
array MOSFET, and a thyristor, as a component for power is recently made as an experiment, 
and it is checked from the property as compared with the conventional Si semiconductor device 
that a property is very good, :IEEE Trans.on Electron Devices besides C.W., and vol. — 43, 
No.10, and pp.1732-1741 --] (1997) . Some examples of MOSFET are shown below. 
[0003] Drawing 13 is the fragmentary sectional view of the unit cell of junction type FET (it 
omits Following JFET) currently developed as one of the RF components [ and Abstracta of 
Int.Conf.on Silicon Carbide besides Sheppard and S.T., Hi-Nitrides and Related Materials] 
(1997). p+ It is n+ to the surface layer of n drift layer 1 1 by which the laminating was carried out 
on the substrate 10. The source field 13, p gate field 15, and n+ The drain field is formed. n+ The 
source field 13 and n+ The drain field 14 and p gate field 15 are contacted, and the source 
electrode 17, the drain electrode 18, and the gate electrode 16 are formed, respectively. 
[0004] When an electrical potential difference is impressed to the gate electrode 16 with this 
structure, they are p gate field 15 to p gate field 15, and p+. A depletion layer spreads to the n 
channel field 20 between substrates 10. The current between the source electrode 17 and the 
drain electrode 18 is controlled by this. Moreover, a current flows again between the drain 
electrode 18 and the source electrode 17 by removing the electrical potential difference 
impressed to the gate electrode 16. Thus, the current between source drains serves as a 
component switchable [ with gate voltage ]. Since this JFET depletion-izes a channel field by 
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electrical-potential-difference impression to the gate electrode 16, it is called a depletion type. A 
front face to p+ The slot which reaches a substrate 10 is formed and it fills up with the insulator 
layer 19 because [ of isolation ]. 

[0005] On the other hand, drawing 14 is one sort of a vertical mold MOSFET [Shenoy, J.N. 
others , Abstracta of Int.Conf.on Silicon Carbide, Ill-Nitrides and Related Materials] (1997). n+ 
It is p+ by the ion implantation of high acceleration voltage [ surface layer / of n drift layer 21b 
by which the laminating was carried out on substrate 21a ]. The embedding field 22 is formed. 
The p+ It is n+ to the surface layer of n drift layer part 21b on the embedding field 22. The 
source field 23 is formed. Two n+ The gate electrode 26 is formed through gate dielectric film 25 
on the front face of n drift layer part 21b inserted into the source field 23. n+ The source 
electrode 27 is n+ to the front face of the source field 23. The drain electrode 28 is formed in the 
rear face of substrate 2 1 a, respectively. 

[0006] In this example, the gate part has metal-oxide-semiconductor structure which impresses 
an electrical potential difference through gate dielectric film 25 instead of pn junction. In this 
MOSFET, by impressing a forward electrical potential difference to the gate electrode layer 26, 
induction of the accumulation layer is carried out to the n channel field 30 of the surface part of n 
drift layer 21b of gate electrode 26 directly under, and a current flows between the drain 
electrode 28 and the source electrode 27. Moreover, if a negative electrical potential difference is 
impressed to the gate electrode 26, the current between the drain electrode 28 and the source 
electrode 27 can be intercepted, and it has a switching function. The electrical potential 
difference between source drains is p+. It is possible for it to be impressed between the 
embedding field 22 and n drift layer 21b, and to hold a big electrical potential difference, and it 
is made the structure suitable for high pressure-proofing. Since this MOSFET forms an 
accumulation layer by electrical-potential-difference impression to the gate electrode 26, it is 
called ACCUFET. 

[0007] Drawing 15 is [ and Phys.Stat.Sol. (a) besides Onda and S., vol.162, and p.369] (1997) 
which are the fragmentary sectional view of the unit cell of another vertical mold quantity proof- 
pressure MOSFET **. . n+ The p base region 32 is formed on substrate 31a at the surface layer 
of n drift layer 3 lb by which the laminating was carried out, and it is n+ to the surface layer of 
the p base region 32. The source field 33 is formed. Two n+ The n channel field 40 which 
connects the source field 33 is formed of epitaxial growth, and the gate electrode layer 36 is 
formed through gate dielectric film 35 on the front face of the n channel field 40. n+ The source 
electrode 27 is n+ to the front face of the source field 33. The drain electrode 38 is formed in the 
rear face of substrate 31a, respectively. 

[0008] By impressing a forward electrical potential difference to the gate electrode layer 36 also 
in this case, induction of the accumulation layer is carried out to the surface part of the n channel 
field 40 of gate electrode layer 36 directly under, and it becomes possible to pass the current 
from the drain electrode 38 to the source electrode 37. Moreover, between the drain electrode 38 
and the source electrodes 27 will be intercepted, and by impressing a negative electrical potential 
difference to the gate electrode layer 36 will show a switching function. 

[0009] Otherwise, although there is also an example of a prototype of MOSFET of a planar mold 
or a trench mold, by SiC, that the mobility of an inversion layer is very small gets down that it is 
experimentally sudden, and it is thought that FET of the enhancement type using an inversion 
layer is not suitable for practical use. It is the example of the structure where have the common 
description in that it is not FET of the enhancement type with which the component of the three 
above-mentioned examples uses an inversion layer to it but FET using the semi-conductor layer 
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of a conductivity type from the first as a channel, especially it is suitable for SiC. 
[0010] 

[Problem(s) to be Solved by the Invention] When it is going to manufacture the semiconductor 
device for power, the actual former not much good property is not realized, or the structure of 
drawing 13 , and 14 or drawing 15 is not manufactured in fact, although the property which was 
very excellent is expected. It is the double diffusion MOS (D-MOS) whose one of the reason of 
the is an approach which has spread most with Si semi-conductor. Structure is in an easily 
unrealizable point in SiC. In Si, a precise channel consistency is realized by introducing p mold 
impurity and n mold impurity alternatively with the same mask, and carrying out thermal 
diffusion. Namely, the dimension of the channel which influences the property of MOSFET is 
very controllable to a precision, and can make MOSFET with the sufficient yield. 
[001 1] It receives that can come and it is alike, and by SiC, the rate of activation of the impurity 
which carried out the ion implantation is bad, in order to raise this, an ion implantation 1000 
degrees C or more and heat-of- activation processing at 1600 degrees C or more are required, and 
the diffusion of an impurity which carried out the ion implantation hardly breaks out. Therefore, 
installation of p mold impurity and n mold impurity must be depended on a respectively separate 
mask, and control of a precise channel consistency is not realized. Therefore, it becomes the 
thing also with the very big variation which has large channel resistance, and resistance of the 
whole component is like [ as which it will be mostly specified by channel resistance ]. It can be 
said that the property of SiC original is not acquired. 

[0012] In view of the above problem, the purpose of this invention can realize a very precise 
channel, and is to offer the manufacture approach of silicon carbide vertical FET and silicon 
carbide vertical FET which can be high-pressure=proofed easily. 
[0013] 

[Means for Solving the Problem] The first conductivity-type drift layer which this invention 
becomes from the silicon carbide by which the laminating was carried out on the first 
conductivity-type silicon carbide substrate for the above-mentioned technical-problem solution, 
The second conductivity-type gate field and the first conductivity-type source field which 
isolated to the surface layer of the first conductivity-type drift layer mutually alternatively, and 
were formed in it, The second conductivity-type embedding field alternatively formed in the 
lower part of the second conductivity-type gate field and the first conductivity-type source field, 
The gate electrode layer contacted and prepared in the front face of the second conductivity-type 
gate field, In the manufacture approach of the end-fire array FET which has the source electrode 
which contacted the front face of the first conductivity-type source field and the second 
conductivity-type embedding field in common, and was prepared in it, and the drain electrode 
prepared in the rear face of a silicon carbide substrate some of one [ of the first mask ] edges - 
one edge of the first conductivity-type source field - specifying - some other ends of the first 
mask, and other parts of the first mask - the second conductivity-type gate field --**-- probably 

** - other parts of said first mask shall prescribe the edge of the second conductivity-type 
embedding field. 

[0014] For example, the substrate with which the laminating of the first conductivity-type drift 
layer which consists of silicon carbide on the first conductivity-type silicon carbide substrate was 
carried out by epitaxial growth as a concrete process is used. The process which forms the first 
mask on the front face of the first conductivity-type drift layer, The process which forms the 
second mask which consists of an ingredient which is different from the first mask so that the 
first mask and part may overlap, The process which introduces the impurity for the first 
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conductivity-type source field formation into the surface layer of the first conductivity-type drift 
layer alternatively with those masks, The process which forms the third mask which consists of a 
process which removes the second mask, and an ingredient which is different from the first mask 
so that the first mask and part may overlap, The process which introduces the impurity for the 
second conductivity-type gate field formation into the surface layer of the first conductivity-type 
drift layer alternatively with those masks, The process which leaves a part of first mask and 
removes the first mask and the third mask, The process which introduces the impurity for the 
second conductivity-type embedding field formation into the surface layer of the first 
conductivity-type drift layer alternatively with the mask, The heat treatment process for 
activating the introduced impurity, and the process which forms the fourth mask in a silicon 
carbide substrate front face, The process which forms the crevice which arrives at the second 
conductivity-type embedding field from the front face of the first conductivity-type source field 
with the mask, It shall consist of the process which forms the fifth mask which consists of an 
insulating material, a process which vapor-deposits a metal membrane, and a process which 
forms the gate electrode which consists of the metal membrane, a source electrode, and a drain 
electrode. 

[0015] If it is made such, since the substantial dimension of a channel field is decided in the 
second conductivity-type gate field, the ununiformity by mask alignment will be avoided and 
precise control will be attained. It is possible for this to manufacture small FET of on resistance. 
Instead of forming the crevice which arrives at the second conductivity-type embedding field 
from the front face of the first conductivity-type source field, and preparing a source electrode, 
the second conductivity-type contact field which arrives at the second conductivity-type 
embedding field may be formed. If it is made such, a source electrode can be prepared on a front 
face. 

[0016] Also in the thing to which each installation of the impurity for the first conductivity-type 
source field, the second conductivity-type gate field, and the second conductivity-type 
embedding field formation is especially performed by the ion implantation, then SiC, formation 
of an impurity range can be performed certainly. The electrode which forms the front face and 
the Schottky barrier of the first conductivity-type drift layer may be prepared. 
[0017] If it is made such, it can consider as a channel field smaller than the dimension of the 
second conductivity-type gate field required for contact resistance. Moreover, the first 
conductivity-type drift layer which consists of silicon carbide by which the laminating was 
carried out on the first conductivity-type silicon carbide substrate, The first conductivity-type 
source field alternatively formed in the surface layer of the first conductivity-type drift layer, The 
second conductivity-type embedding field alternatively formed in the lower part of the first 
conductivity-type source field, The gate electrode layer prepared through gate dielectric film on 
the front face of the first conductivity-type drift layer, In the manufacture approach of the end- 
fire array FET which has the source electrode which contacted the front face of the first 
conductivity-type source field and the second conductivity-type embedding field in common, and 
was prepared in it, and the drain electrode prepared in the rear face of a silicon carbide substrate 
One edge of the first conductivity-type source field shall be specified with a part of first mask, 
and other parts of said first mask shall prescribe the edge of the second conductivity-type 
embedding field. 

[0018] For example, the substrate with which the laminating of the first conductivity-type drift 
layer which consists of silicon carbide on the first conductivity-type silicon carbide substrate was 
carried out by epitaxial growth as a concrete process is used. The process which forms the first 



12 



6/13/2006 



mask on the front face of the first conductivity-type drift layer, The process which forms the 
second mask which consists of an ingredient which is different from the first mask so that the 
first mask and part may overlap, The process which introduces the impurity for the first 
conductivity-type source field formation into the surface layer of the first conductivity-type drift 
layer alternatively with those masks, The process which leaves a part of first mask and removes 
the first mask and the second mask, The process which introduces the impurity for the second 
conductivity-type embedding field formation into the surface layer of the first conductivity-type 
drift layer alternatively with those masks, The process which removes a part of first mask which 
it left, and the heat treatment process for activating the introduced impurity, The process which 
forms gate oxide in a silicon carbide substrate front face by thermal oxidation, The process 
which carries out pattern formation after depositing a polycrystalline silicon layer on the gate 
oxide, The process which forms the third mask after covering an insulator layer, and the process 
which forms the crevice which arrives at the second conductivity-type embedding field from the 
front face of the first conductivity-type source field with the mask, It shall consist of a process 
which prepares the aperture for contact in an insulator layer, and vapor-deposits a metal 
membrane, and a process which forms the gate electrode which consists of the metal membrane, 
a source electrode, and a drain electrode. 

[0019] Since the dimension of a channel field is decided with the first mask also in this case, the 
ununiformity by mask alignment is avoided and precise control is attained. Instead of forming 
the crevice which arrives at the second conductivity-type embedding field from the front face of 
the first conductivity-type source field, and preparing a source electrode, the second 
conductivity-type contact field which arrives at the second conductivity-type embedding field 
may be formed. If it is made such, a source electrode can be prepared on a front face. 
[0020] A part with the thickness of the first mask of the shape of a taper with a loose edge thick 
as an option can prescribe one edge of the first conductivity-type source field, and a part with the 
thin thickness of the first mask of said first mask can also prescribe the edge of the second 
conductivity-type base region. For example, the substrate with which the laminating of the first 
conductivity-type drift layer which consists of silicon carbide on the first conductivity-type 
silicon carbide substrate was carried out by epitaxial growth as a concrete process is used. The 
process which forms the first mask on the front face of the first conductivity-type drift layer, The 
process which forms the first mask of the shape of a taper with a loose edge, and the process 
which introduces the impurity for the first conductivity-type source field formation into the 
surface layer of the first conductivity-type drift layer alternatively by the part with the thick 
thickness of the mask, The process which introduces the impurity for the second conductivity- 
type base region formation into the surface layer of the first conductivity-type drift layer 
alternatively by the part with the thick thickness of the first mask, The process which forms the 
third mask in a silicon carbide substrate front face, and the process which introduces the impurity 
for the second conductivity-type contact field formation which arrives at the second 
conductivity-type base region with the mask, The process which removes the first mask, and the 
heat treatment process for activating the introduced impurity, The process which forms gate 
oxide in a silicon carbide substrate front face by thermal oxidation, It shall consist of the process 
which carries out pattern formation after depositing a polycrystalline silicon layer on the gate 
oxide, the process which covers an insulator layer, a process which prepares the aperture for 
contact in an insulator layer, and vapor-deposits a metal membrane, and a process which forms 
the gate electrode which consists of the metal membrane, a source electrode, and a drain 
electrode. 
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[0021] Since the dimension of a channel field is decided with the first mask also in this case, the 
ununiformity by mask alignment is avoided and precise control is attained. And another mask for 
impurity range formation is not needed. The crevice which arrives at the second conductivity- 
type base region from the front face of the first conductivity-type source field may be formed, 
and the source electrode in contact with the first conductivity-type source field and the second 
conductivity-type contact field may be prepared. 

[0022] It is good to add the impurity installation process for the second conductivity-type contact 
field formation by using as a mask the process which prepares a sidewall in the side of the first 
mask especially, and the first mask and sidewall. If it is made such, it will not be based on mask 
alignment but formation of the second conductivity-type base region and the shifted second 
conductivity-type contact field can be performed. 

[0023] The third mask with the thick thickness for the second conductivity-type contact field 
formation is formed, after passing through the process which introduces an impurity with the 
mask previously, etchback of the third mask can be carried out, and an edge can consider as the 
first mask of the shape of a loose taper. If it is made such, the first mask and third mask of a basis 
will be the same, and will not have the need of forming another mask ingredient. 
[0024] Furthermore, also in the thing to which each installation of the impurity for the first 
conductivity-type source field, the second conductivity-type embedding field, and the second 
conductivity-type base region formation is performed by the ion implantation, then SiC, 
formation of an impurity range can be performed certainly. And the process which introduces the 
first conductivity-type impurity for high-impurity-concentration control of a channel field into 
the whole surface of the surface layer of the first conductivity-type drift layer shall be added. 
[0025] By controlling the high impurity concentration of a channel field, threshold voltage can 
be controlled and it can be referred to as FET of no MARIOFU. The first conductivity-type drift 
layer which consists of silicon carbide by which the laminating was carried out on the first 
conductivity-type silicon carbide substrate by the above manufacture approaches, The second 
conductivity- type base region where at least the part was alternatively embedded and formed in 
the surface layer of the first conductivity-type drift layer, The first conductivity-type source field 
formed in a part of upper part of the second conductivity-type base region in contact with the 
second conductivity-type base region, The gate electrode layer prepared through gate dielectric 
film on the channel field which is the first conductivity-type drift layer left behind on the second 
conductivity-type base region, The source electrode which contacted the front face of the first 
conductivity-type source field and the second conductivity-type base region in common, and was 
prepared in it, If it considers as the silicon carbide end-fire array FET which becomes shallow 
almost linearly so that it has the drain electrode prepared in the rear face of a silicon carbide 
substrate and the junction depth of the edge of the second conductivity-type base region keeps 
away from the first conductivity-type source field Control of the die length of a channel field is 
easy, and the end-fire array FET with a uniform channel field can manufacture easily. 
[0026] From the second conductivity-type base region, even if it prepares the second 
conductivity-type contact field where the junction depth is deeper than the second conductivity- 
type base region and contacts a source electrode on the front face of the second conductivity-type 
contact field with high high impurity concentration, the crevice which arrives at the second 
conductivity-type contact field from the front face of the first conductivity-type source field is 
prepared, and a source electrode may be contacted on the exposure front face of the second 
conductivity-type contact field, so that a part may overlap the second conductivity-type base 
region. 
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[0027] If there is no need of preparing a crevice if a source electrode is contacted on the front 
face of the second conductivity-type contact field on the same front face as the first conductivity- 
type source field, the crevice which arrives at the second conductivity-type contact field from the 
front face of the first conductivity-type source field is prepared and a source electrode is 
contacted, there will be no need of thickening thickness of the second conductivity-type contact 
field. By controlling the thing which is high concentration, then high impurity concentration 
from that of the first conductivity-type drift layer, the high impurity concentration of a channel 
field can control threshold voltage, and can set to FET of no MARIOFU. 
[0028] 

[Embodiment of the Invention] Below, this invention is explained to a detail, while an example 
is shown. However, explanation is omitted about drawing 13 -15, a common part, or a part 
without this invention or instead of. Although n channel MOS FET is taken for the example as an 
important application of this invention, of course, this invention can be adapted also for p 
channel MOS FET which made the conductivity type reverse. In addition, the silicon carbide 
explained here is aimed at what is mainly called 6H and 4H, although many polytypes exist as 
known well. 

[0029] [Example 1] drawing 1 is the first example (it is described as an example 1 below.) of this 
invention, the following - being the same ~ it is the sectional view of the unit cell of starting 
SiCJFET. This supports the component which formed the conventional component of drawing 
13 into high pressure-proofing. n+ It sets to the wafer with which the laminating of the n drift 
layer 41b was carried out by epitaxial growth on substrate 41a, and is p+ from the front face of n 
drift layer 41b to a somewhat deep location. The embedding field 42 is formed and it is p+. In 
the surface layer of upper n drift layer 41b of the embedding field 42, they are p gate field 44 and 
n+. The source field 43 is formed. The gate electrode 46 is formed on the front face of p gate 
field 44. n+ From the front face of the source field 43, the front face of investigated crevice 47a 
is met, and it is n+. The source field 43 and p+ It contacts common to a front face with the 
embedding field 42, and the source electrode 47 is formed, and it is n+. The rear face of substrate 
41a is contacted and the drain electrode 48 is formed. 

[0030] Examples of the main dimensions are the following values. n+ For the high impurity 
concentration of substrate 41a, it of lxl 01 8cm in 350 micrometers in 3 and thickness and n drift 
layer 41b is 1x101 6cm 10 micrometers in 3 and thickness. p+ The highest high impurity 
concentration of the embedding field 42 is 5x101 8cm 0.5 micrometers in 3 and thickness, and n 
0.5-micrometer drift layer 41b is on it. p+ of both sides Spacing between the embedding fields 42 
is about 5 micrometers. n+ The high impurity concentration of the source field 43 is 1x1019cm 3 
and a junction depth of 0.2 micrometers, and width of face is [ 3 and a junction depth of 0.2 
micrometers of 5x101 8cm, and the width of face of it of about 3 micrometers and p gate field 44 
] about 2 micrometers. n+ Spacing between the source field 43 and p gate field 44 is about 1 
micrometer, and n drift layer 41b has arrived at the front face. The depth of crevice 47a 
investigated from the front face is 0.7 micrometers, and width of face is about 3 micrometers. 
The pitch of the unit cell of drawing is about 25 micrometers. 

[003 1] Although the point different from the horizontal type JFET of drawing 1 3 is a point that 
the source electrode 47 and the drain electrode 48 serve as FET of the vertical mold formed in 
both sides of a semi-conductor substrate, the actuation is not fundamentally different from the 
thing of drawing 11 . That is, a depletion layer is breadth and n+ by impressing an electrical 
potential difference to the gate electrode 46 to the channel field 50 of p gate field 44 to a lower 
part. The source field 43 and n drift layer 41b are insulated electrically. As a result, the current 
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from the drain electrode 38 to the source electrode 37 is controlled. It is JFET same depression 
type as what was shown in drawing 13 . 

[0032] Drawing 2 (a) thru/or (f) and drawing 3 (a) thru/or (d) are the fragmentary sectional views 
near the front face of the order of a production process for explaining the manufacture approach 
of SiCJFET of the example 1 of drawing 1 . It explains in order of below. First, n+ 4 H-SiC 
substrate which carried out the laminating of the n drift layer 41b of a phosphorus dope with 
epitaxial growth is prepared on substrate 41a. For example, the high impurity concentration of n 
drift layer 41b is lxl016cm-3, and thickness is 10 micrometers. On the front face of the n drift 
layer 41b, the polycrystal silicone film 1 is deposited with a reduced pressure CVD method, a 
pattern is formed by the photolithography, and it considers as the first mask Ml [ drawing 2 (a)]. 
The first mask Ml consists of each part of Mia of a center section, and Mlb of both sides. 
Thickness of the polycrystal silicone film 1 was set to 1 micrometer. The first mask Ml does not 
necessarily need to be a polycrystal silicone film, and as long as it turns into a mask of 
alternative etching, it may be the oxidization silicon film (henceforth, Si02 it is described as the 
film) well used for a silicon process etc., the nitriding silicon film, or a photoresist. However, to 
carry out an ion implantation at an elevated temperature, it is necessary to use the ingredient 
which ceases to the elevated temperature of polycrystalline silicon etc. 

[0033] It is Si02 by the heat CVD method on the first mask Ml of the polycrystal silicone film 
1. After depositing the film 2, forming a pattern by the photolithography and considering as the 
second mask M2, the ion used as n mold impurity, for example, nitrogen (it is described as 
Following N) ion 4a, is poured into the field specified with the second mask Ml and M2 for a 
start [ these ] [this drawing (b)]. 4b is poured-in N atom. This is n+. It is for source field 43 
formation, and acceleration voltage is 100keV(s) and a dose is abbreviation 5x101 5cm-2. The 
temperature at the time of an ion implantation is about 800 degrees C. The rate of activation can 
be raised by carrying out an ion implantation at an elevated temperature. The second mask M2 is 
not necessarily Si02. Although it is not necessary to be the film, since it is required to remove 
leaving the first mask Ml at a next process, it considers as a different ingredient from the first 
mask Ml, and it can be necessary to be made to perform alternative etching. For example, when 
a polycrystal silicone film is used as the first mask Ml, it is Si02 like the upper example as the 
second mask M2. If the film is used, only the second mask 2 is removable with fluoric acid. It is 
Si02 by reactive ion etching (it is described as Following RIE) the reverse is also possible and 
using the mixed gas of a carbon tetrachloride and oxygen etc. in that case. It is possible to control 
the etch rate of the film and a polycrystal silicone film, and to etch only a polycrystal silicone 
film. Thus, alternative removal is just performed to the first mask Ml. Since the second mask 
M2 should just have an edge on the first mask Ml, it is easy mask alignment. As an n mold 
impurity, phosphorus (it is described as Following P) etc. is used other than N. 
[0034] Si02 The second membranous mask M2 is removed and it is Si02 by the heat CVD 
method again. After depositing the film 2, forming a pattern by the photolithography and 
considering as the third mask M3, the ion used as p mold impurity, for example, boron (it is 
described as Following B) ion 5a, is poured into the field specified with the third mask Ml and 
M3 for a start [ these ] [this drawing (c)]. 5b is poured-in B atom. This is for p gate field 44 
formation, acceleration voltage is 100keV(s) and a dose is abbreviation 5xl015cm-2. Also in this 
case, the third mask M3 is not necessarily Si02. It is not necessary to be the film and alternative 
removal is just performed to the first mask Ml at a next process. Since the third mask M3 should 
just have an edge on the first mask Ml, it is easy mask alignment. As p mold impurity and a 
becoming impurity, aluminum (it is described as Following aluminum) etc. can be used other 
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than B. 

[0035] Si02 the third membranous mask M3 ~ removing — a photolithography — ** a part of 
first mask — Mlb — removing - a part of first mask - [this drawing (d)] which leaves Mia. a 
part of first mask which it left — Mia is used as a mask and B ion 5a is poured in again. [This 
drawing (e)]. This is p+. It is for embedding field 42 formation, and acceleration voltage is 
400keV(s) and a dose is abbreviation lxl015cm-2. Acceleration voltage was raised for forming a 
deep impurity range. As a p mold impurity, aluminum etc. may be used other than B. 
[0036] a part of first mask which it left — Mia is removed and N ion 4a is poured into the whole 
surface. [This drawing (f)]. 4b is poured-in N atom. This is for concentration control of the n 
channel field 50, acceleration voltage is 200keV(s) and a dose is abbreviation lxl012cm-2. 
Before this, it is p+. Since the deep ion implantation for the embedding field 42 is performed, it 
is p+. B atom is poured into n drift layer 41b of the surface layer which comes on the embedding 
field 42. Resistance of a surface layer can be stabilized by impregnation of N ion. The high 
impurity concentration of the surface layer after heat treatment is abbreviation 5x101 5cm-3. It 
becomes. 

[0037] It is n+ by performing 1600 degrees C and heat treatment of 2 hours, and activating the 
poured-in impurity. The source field 43, p gate field 44, and p+ Each field of the embedding field 
42 is formed [ drawing 3 (a)]. Although diffusion of an impurity hardly breaks out in SiC as 
stated previously, the depth in which an impurity range is formed is controllable by 
accommodation of acceleration voltage. For example, p+ The embedding field 42 is made by the 
layer with a thickness of 0.5 micrometers at focusing on a depth of 0.8 micrometers by having 
made acceleration voltage high with 400keV(s), and n about 0.5 -micrometer drift region 41b is 
left behind on it. p gate field 44 and n+ The depth of the source field 43 is about 0.2 
micrometers. 

[0038] To a front face, it is Si02 by the CVD method. The film 2 is deposited [this drawing (b)]. 
It is n+ at RIE form the fourth mask M4 by the photolithography, and using the mixed gas of 
carbon tetrafluoride (CF4) and oxygen (02). Crevice 47a which arrives at p+ embedding field 42 
from the front face of the source field 43 is formed [this drawing (c)]. It is Si02 at a 
photolithography. After forming opening for contact in the film 2 Pattern formation of the 
aluminium alloy film is vapor-deposited and carried out, and it considers as the source electrode 
47 and the gate electrode 46., n+ A drain electrode is prepared also in the rear face of a substrate, 
and a process is completed [this drawing (d)]. 

[0039] By taking the above manufacture approaches, it was able to consider as the high proof- 
pressure SiC vertical mold JFET of drawing 1 . SiCJFET of an example 1 - a part of first mask - 
- the edge of Mlb - n+ the source field 43 specifies ~ having — a part of first mask - p gate 
field 44 is prescribed by another edge of Mlb, and another partial Mia of the first mask. By 
partial Mia with the first still more nearly another mask, it is p+. The edge of the embedding 
field 42 is specified. Thus, since the impurity range is prescribed by only the first mask Ml, each 
has consistency and the problem of the ununiformity by mask alignment, such as a location gap, 
cannot arise. After the pattern formation of the first mask Ml, the advantage that the dimension 
of each impurity range can be checked is also. 

[0040] Although the control is very important on application since the die length of a channel 
field is a main parameter which determines the property of MOSFET, in SiCJFET of this 
example 1, the n channel field 50 of the lower part of p gate field 44 serves as channel length 
substantially, channel length is formed with a precision short and sufficient to homogeneity, and 
the stable property and the high yield are obtained. The on resistance of JFET of 1500V class 
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made as an experiment showed 1 5m ohm-cm -2 and a low value. 

[0041] Moreover, p+ The embedding field 42 was formed by the ion implantation with high 
acceleration voltage, the junction depth was written deeply, and high pressure-proofing beyond 
1500V has been realized easily. By having been added like N ion grouting for high-impurity- 
concentration control to the surface layer of n drift layer 41b, the threshold voltage of MOSFET 
can be controlled and it can also be referred to as FET of no MARIOFU. 
[0042] Some deformation is also considered as the manufacture approach. For example, n+ 
Reverse is sufficient as the sequence of the ion implantation for forming the source field 43 and 
p gate field 44. Moreover, the ion implantation for high-impurity-concentration control of the n 
channel field 50 may be performed first. If it will carry out at low temperature more instead of an 
elevated temperature which calls an ion implantation 1000 degrees C, the selection width of face 
of a mask ingredient can extend. 

[0043] [Example 2] drawing 4 is the fragmentary sectional view of SiCJFET concerning the 
second example of this invention. This is the modification of the example 1 of drawing 1 . A 
crevice is not formed in a SiC substrate front face in this example, but it is p+ to the surface layer 
of n drift layer 51b. p+ which arrives at the embedding field 52 Contact field 52a is formed and it 
is n+ to that front face. The source field 53 and the common source electrode 57 are formed. 
[0044] n+ As a mask (it is equivalent to M2 of drawing 2 (b)) in the case of N ion implantation 
for source field 53 formation, it is n+. The mask which also specifies the outside of the source 
field 53 is used, still more nearly another mask is used, and it is p+. What is necessary is just to 
perform B ion implantation for contact field 52a formation. If it does in this way, a crevice 
cannot be formed but an electrode can be prepared in a substrate front face. 
[0045] n+ There is instead of [ no ] in a part of first mask (it being equivalent to Mlb of drawing 
2 (b)) specifying the inside of the source field 53, and the die length of a channel field is the 
same as that of SiCJFET of an example 1, the n channel field 60 of the lower part of p gate field 
44 has short uniform channel length, it is form with a sufficient precision, and the stable property 
and the high yield are obtain. 

[0046] [Example 3] drawing 5 is the fragmentary sectional view of SiCJFET concerning the third 
example of this invention. This can also say it also as deformation of SiCJFET of drawing 1 . 
The point different from SiCJFET of drawing 1 is a point that the gate electrode 66 touches 
common to p gate field 64 and the front face of n drift layer 61b. Here, the gate electrode 66 
chooses a SiC substrate and a metal which forms the Schottky barrier, for example, Ti, 
aluminum, Pt, etc. 

[0047] At JFET of an example 1 , as for p gate field 44, contact is taken only in the part which the 
gate electrode 46 contacts so that drawing 1 may show. In order to stop this contact resistance 
small, the touch area had to be enlarged and the magnitude of this contact aperture had restricted 
the minimum value of the die length of a channel. Since JFET of this example 3 improves this 
point and the gate electrode 66 touches not only p gate field 64 but the front face of n drift layer 
61b, a large contact part can be taken and it becomes possible to design a channel field narrowly. 
[0048] It also sets to JFET of this example 3, and is n+. It is the same that the property which a 
source field carries out self align to the surface layer of p base region, and is formed, and channel 
length was formed with a uniformly and sufficient precision like JFET of an example 1, and was 
stabilized is acquired with the sufficient yield. However, the gate electrodes 66 are a SiC 
substrate and the metal which forms the Schottky barrier, and are not necessarily the same metal 
as the source electrode 67. Or the gate electrode 66 may be made into a bilayer with the same 
metal as the metal and the source electrode 67 which carry out Schottky contact. About the 
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process which manufactures this, it is almost almost the same as that of drawing 2 and 3, and 
explanation is omitted. 

[0049] [Example 4] drawing 6 is the fragmentary sectional view of SiCMOSFET concerning the 
fourth example of this invention. n+ In the wafer with which the laminating of the n drift layer 
71b was carried out by epitaxial growth on substrate 71a It is p+ from the front face of n drift 
layer 71b to a somewhat deep location. The embedding field 72 is formed and it is the p+. It is 
n+ to the surface layer of upper n drift layer 71b of the embedding field 72. Although the point 
that the source field 73 is formed is the same as an old example There is nothing and p gate field 
is p+. The upper part of the embedding field 72 is made into the n channel field 80, and the gate 
of metal-oxide-semiconductor structure is prepared on the front face. 
[0050] That is, the gate electrode layer 76 which consists of a polycrystalline silicon layer 
through gate oxide 75 is formed on the front face of n drift layer 71b. 79 is an insulator layer of 
boron phosphorus silica glass (BPSG) which insulates the gate electrode layer 76 and the source 
electrode 77. n+ There is crevice 77a investigated from the front face of the source field 73, the 
front face is met, and it is n+. The source field 73 and p+ The source electrode 77 which contacts 
common to a front face with the embedding field 72 is formed, and it is n+. The rear face of 
substrate 71a is contacted and the drain electrode 78 is formed. The dimension of main each part 
is almost the same as the value stated in the example 1 . The thickness of gate oxide 75 is [ the 
thickness of 1 micrometer and an insulator layer 79 of the thickness of 50nm and the gate 
electrode layer 76 ] 2 micrometers. 

[0051] When this MOSFET is also called ACCUFET and impresses a forward electrical 
potential difference to the gate electrode layer 76, induction of the accumulation layer is carried 
out to the surface part of n drift layer 71b of gate electrode layer 76 directly under, and a current 
flows between the drain electrode 78 and the source electrode 77. Moreover, if a negative 
electrical potential difference is impressed to the gate electrode layer 76, the current between the 
drain electrode 78 and the source electrode 77 can be intercepted, and it has a switching function. 
The electrical potential difference between source drains is p+. It is possible for it to be 
impressed between the embedding field 72 and n drift layer 71b, and to hold a big electrical 
potential difference, and it has structure suitable for high pressure-proofing. 
[0052] Drawing 7 (a) thru/or (e) and drawing 8 (a) thru/or (d) are the fragmentary sectional 
views of the order of a production process near the front face of SiCMOSFET of the example 4 
of drawing 6 . A process is explained in order of below. n+ 4 H-SiC substrate which carried out 
the laminating of the n drift layer 71b of a phosphorus dope with epitaxial growth is prepared on 
substrate 71a. The high impurity concentration of n drift layer 71b, thickness, etc. are the same as 
an example 1, and good. On the front face of the n drift layer 71b, a polycrystal silicone film is 
deposited with a reduced pressure CVD method, a pattern is formed by the photolithography, and 
it considers as the first mask Ml [ drawing 7 (a)]. The first mask Ml consists of each part of 
Mia of a center section, and Mlb of both sides. It is the same as that of an example 1 that it is 
not necessary to be necessarily a polycrystal silicone film of the first mask Ml. 
[0053] It is Si02 by the heat CVD method on the first mask Ml of a polycrystal silicone film. 
After depositing the film, forming a pattern by the photolithography and considering as the 
second mask M2, the ion used as n mold impurity, for example, N ion 4a, is poured into the field 
specified with the second mask Ml and M2 for a start [ these ] [this drawing (b)]. This is n+. It is 
for source field 73 formation, and acceleration voltage, a dose, etc. are the same as an example 1, 
and good, this second mask M2 - not necessarily — Si02 it is not necessary to be ~ although - 
since it is required to remove leaving the first mask Ml at a next process, unlike the first mask 
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Ml, the ingredient which can perform alternative etching is chosen. Since the second mask M2 
should just have an edge on the first mask Ml, it is easy mask alignment. As an n mold impurity, 
P etc. is used other than N. 

[0054] Si02 the second membranous mask M2 - removing - a photolithography — a part of first 
mask — [this drawing (c)] which pours in the ion used as p mold impurity, for example, B ion 5a, 
after leaving Mia. This is p+. It is for embedding field 72 formation, and acceleration voltage is 
400keV(s) and a dose is abbreviation lxl015cm-2. Acceleration voltage was raised for forming a 
deep impurity range. As for p mold impurity, aluminum etc. is used other than B. 
[0055] a part of first mask which it left — Mia is removed and N ion 4a is poured in. [This 
drawing (d)]. This is for high-impurity-concentration control of the n channel field 80, 
acceleration voltage is 200keV(s) and a dose is abbreviation lxl012cm-2. It is p+ by performing 
1600 degrees C and heat treatment of 2 hours, and activating the poured-in impurity. The 
embedding field 72 and n+ Each field of the source field 73 and the n channel field 80 is formed 
[this drawing (e)]. 

[0056] Si02 film which turns into gate oxide 75 by 1200 degrees C and thermal oxidation of 2 
hours is formed in a front face, and about 1 micrometer of polycrystal silicone films 1 which 
serve as a gate electrode layer with a reduced pressure CVD method continuously is deposited [ 
drawing 8 (a)]. It forms by thermal oxidation, and also gate oxide 75 can also form membranes 
by CVD. As an ingredient of the gate electrode layer 76, molybdenum (Mo) etc. is [ other than 
polycrystalline silicon ] usable. 

[0057] A photoresist is applied, and after carrying out pattern formation of the polycrystal 
silicone film 1 by the photolithography and considering as the gate electrode layer 76, the 
insulator layers 79, such as boron phosphorus silica glass (BPSG), are deposited on a front face 
with a CVD method [this drawing (b)]. It is n+ at RIE form a pattern by the photolithography 
and using the mixed gas of carbon tetrafluoride (CF4) and oxygen (02). The front face of the 
source field 73 to p+ Crevice 77a which arrives at the embedding field 72 is formed [this 
drawing (c)] . 

[0058] After forming opening for contact in an insulator layer 79 by the photolithography, 
pattern formation of the aluminium alloy is vapor-deposited and carried out, and it considers as 
the source electrode 77 and the gate electrode which is not illustrated. n+ A drain electrode is 
prepared also in the rear face of a substrate, and a process is completed [this drawing (d)]. 
MOSFET of this example 4 — also setting - a part of first mask - the edge of Mlb - n+ The 
source field 73 is specified and the edge of p+ embedding field 72 is prescribed by partial Mia 
with the first another mask. Thus, since the impurity range is prescribed by only the first mask 
Ml, each has consistency and the problem of the ununiformity by mask alignment, such as a 
location gap, cannot arise. 

[0059] Therefore, like JFET of an example 1, about 1.5-micrometer channel length is realized 
with a uniformly and sufficient precision, and the stable property is acquired with the sufficient 
yield. After formation of the first mask 1, the advantage that the dimension of each impurity 
range can be checked is also. By being added like N ion grouting for high-impurity- 
concentration control to the surface layer of n drift layer 71b, and considering as the n channel 
field 80, the threshold voltage of MOSFET can be controlled and it can also be especially 
referred to as FET of no MARIOFU. 

[0060] Moreover, since gate oxide 75 is formed on the SiC substrate at the plane, there is no 
problem of the stress of the electric field in the corner section of the gate oxide seen by MOSFET 
conventional trench type, and a raise in pressure-proofing is possible. Some deformation is also 
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considered as the manufacture approach. For example, the ion implantation for high-impurity- 
concentration control of the n channel field 80 may be performed first, and reverse order is 
sufficient as formation with the second mask M2 and the third mask M3. 
[0061] n+ In the case of N ion implantation for source field 73 formation, it is n+. The mask 
which specifies the outside of the source field 73 is used, still more nearly another mask is used, 
and it is p+. If B ion implantation for contact field 52a formation is performed, crevice 77a 
cannot be formed but an electrode can be prepared in a substrate front face. In that case The die 
length of a channel field is formed in homogeneity with a sufficient precision like SiCMOSFET 
of an example 4, and the stable property and the high yield are obtained. 

[0062] [Example 5] drawing 9 is the fragmentary sectional view of SiCMOSFET concerning the 
fifth example of this invention. n+ It is p+ to a somewhat deep location from the front face of n 
drift layer 81b deposited with epitaxial growth on substrate 81a. The embedding field 82 is 
formed and it is p+. The p base region 82 is formed in the surface layer of upper n drift layer 81b 
of the embedding field 82, and it is n+ alternatively in the upper part. The source field 83 is 
formed. And the part of the edge of the p base region 82 is n+. It is so characteristic that it keeps 
away from the source field 83 that the junction depth is shallow almost linearly. Moreover, it is 
p+ to a part deeper than the p base region 82 so that the p base region 82 may be overlapped in 
part. Contact field 82a is formed. n+ The upper part of the p base region 82 of a part in which the 
source field 83 is not formed is made into the n channel field 90, and the gate of the same metal- 
oxide-semiconductor structure as MOSFET of drawing 6 is prepared on it. That is, the gate 
electrode layer 86 which consists of a polycrystalline silicon layer through gate oxide 85 is 
formed. 89 is the insulator layer of BPSG which insulates a gate electrode layer and the source 
electrode 87. n+ From the front face of the source field 83, there is investigated crevice 87a and 
it is n+. The source field 83 and p+ It contacts common to a front face with the contact field 82, 
and the source electrode 87 is formed, and it is n+. The rear face of substrate 81a is contacted 
and the drain electrode 88 is formed. 

[0063] Examples of the main dimensions are the following values. n+ For the high impurity 
concentration of substrate 41a, it of 1x101 8cm in 350 micrometers in 3 and thickness and n drift 
layer 41b is 1x1 01 6cm 10 micrometers in 3 and thickness. Spacing between 3 and a junction 
depth of 1.5 micrometers of 5x1016cm, and the p base region 82 of both sides of the highest high 
impurity concentration of the p base region 82 is about 6 micrometers. n+ The high impurity 
concentration of the source field 43 is 1x1019cm 3 and a junction depth of 0.2 micrometers, and 
width of face is about 5 micrometers and p+. The highest high impurity concentration of the 
contact field 82 is [ the high impurity concentration of about 5 micrometers and the n channel 
field 90 of 3 and a junction depth of 2.0 micrometers of 1x1019cm, and width of face ] 
5x1015cm 3 and a junction depth of 0.5 micrometers. n+ Spacing between the edge of the source 
field 83 and the edge of the p base region 82 is about 2 micrometers. The depth of crevice 87a 
investigated from the front face is 0.7 micrometers, and width of face is about 3 micrometers. 
The pitch of the unit cell of drawing is about 30 micrometers. The thickness of gate oxide 85 is [ 
the thickness of 1 micrometer and an insulator layer 89 of the thickness of 50nm and the gate 
electrode layer 86 ] 2 micrometers. 

[0064] Drawing 10 (a) thru/or (e) and drawing 1 1 (a) thru/or (e) are the fragmentary sectional 
views of the order of a production process near the front face of SiCMOSFET of the example 5 
of drawing 9 . A process is explained in order of below. First, n+ 4 H-SiC substrate which 
carried out the laminating of the n drift layer 81b of a phosphorus dope with epitaxial growth is 
prepared on a substrate. On the front face of n drift layer 81b, a polycrystal silicone film is 
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deposited with a reduced pressure CVD method, a pattern is formed by the photolithography, and 
it considers as the first mask Ml. 

[0065] It is important especially in the case of this patterning to form the taper section 8 in the 
edge of the first mask Ml over 1-2 micrometers. This is because channel length is controlled by 
the include angle of the taper section 8 of the first mask Ml in the ion implantation for the next p 
base region formation. Therefore, this cone angle must be captured and decided to be a 
predetermined design. And this include angle is controllable by choosing the etching conditions 
at the time of etching the thin film of the first mask 1 by plasma etching etc. Or a loose taper will 
be obtained, if an ion implantation is carried out to the upper part of a thin film, the damage is 
given to it and it carries out only near the front face that it is easy to be etched. There is also the 
approach of controlling a taper angle by controlling the dose of the ion implantation in that case. 
[0066] The ion, for example, boron (B) ion 5 a, which serves as p mold impurity by using the first 
mask Ml as a mask is poured in [ drawing 10 (a)]. 5b is poured-in B atom. This is for p base 
region 82 formation, acceleration voltage is 300keV(s) and a dose is abbreviation lxl015cm-2. 
Acceleration voltage was raised for forming a deep impurity range. In a field without the first 
mask Ml, an impurity is poured in deeply, it becomes shallow almost linear gradually as 
thickness of the mask [ first ] Ml increases, and an impurity atom carries out distribution as 
shown in drawing. If thickness of the first mask Ml is made to some extent thin, an impurity 
impregnation field does not arrive at even a front face, but can be made into the field of an 
embedding mold. As for p mold impurity, aluminum etc. is used other than B. It is the same as 
that of an example 1 that it is not necessary to be necessarily a polycrystal silicone film of the 
first mask Ml. 

[0067] Next, the ion, for example, N ion 4a, which serves as n mold impurity by using the first 
same mask Ml as a mask is poured in [this drawing (b)]. 4b is poured-in n atom. This is for n+ 
source field 83 formation, and the 100keV(s) as an example 1 with the same acceleration voltage 
etc. and a dose are good at abbreviation 5xl015cm-2. In the field which does not have the first 
mask Ml in this case, either, an impurity is poured in deeply, if the first mask Ml becomes thick, 
it will become shallow gradually, and an impurity atom carries out distribution as shown in 
drawing. However, since acceleration voltage is made low, the field poured in differs from the 
impregnation field of B ion. If the include angle of the taper section 8 is the same, spacing of the 
impregnation field of p mold impurity and the impregnation field of n mold impurity will 
become fixed. 

[0068] It is Si02 by the heat CVD method on the first mask Ml of a polycrystal silicone film. 
The film 2 is deposited [this drawing (c)]. After forming a sidewall 9 in the side of** and the 
taper section 8 of the first mask Ml carrying out overall etching by RLE, the ion used as p mold 
impurity, for example, B ion 5a, is poured into the field specified by these first masks Ml and 
the sidewall 9 [this drawing (d)]. This is high-concentration p+. It is for contact field 84 
formation, and acceleration voltage, 400keV, and a dose are abbreviation lxl015cm-2. As a p 
mold impurity, aluminum etc. is used other than B. 

[0069] After removing the first mask Ml and a sidewall 9, N ion 4a is poured into the whole 
surface, [This drawing (e)]. This is for high-impurity-concentration control of the n channel field 
90, acceleration voltage is 200keV(s) and a dose is abbreviation lxl012cm-2. Thereby, a 
threshold is controllable. Each field is formed by performing 1600 degrees C and heat treatment 
of 2 hours, and activating the poured-in impurity [ drawing 1 1 (a)]. Thus, p base region 82sn+ 
The source field 83 can be shifted and formed. 

[0070] Heat Si02 with a thickness of 50nm it is thin to gate oxide 85 on a front face with 1200 
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degrees C and thermal oxidation of 2 hours The film 6 is formed, and about 1 micrometer of 
polycrystal silicone films 1 is continuously deposited with a reduced pressure CVD method [this 
drawing (b)]. It forms by thermal oxidation, and also gate oxide 85 can also form membranes by 
CVD. After applying a photoresist, carrying out pattern formation of the polycrystal silicone film 
1 by the photolithography and considering as the gate electrode layer 86, with a CVD method, 
the insulator layers 89, such as boron phosphorus silica glass (BPSG), are deposited on a front 
face, and a pattern is formed in it by the photolithography [this drawing (c)]. 
[0071] At RIE using the mixed gas of carbon tetrafluoride (CF4) and oxygen (02), it is p+ from 
the front face of n+ source field 83. Crevice 87a which reaches contact field 82a is formed [this 
drawing (d)] . After forming opening for contact in an insulator layer 89 by the photolithography, 
pattern formation of the aluminium alloy is vapor-deposited and carried out, and it considers as 
the source electrode 87 and the gate electrode which is not illustrated [this drawing (e)]. n+ A 
drain electrode is prepared also in the rear face of a substrate, and a process is completed. 
[0072] In MOSFET of this example 5, the edge of n+ source field 83 and the p base region 82 is 
prescribed by by making the edge of the first mask 1 into the shape of a taper, and changing the 
acceleration voltage in the case of impregnation of p mold impurity and n mold impurity. That is, 
the channel length who is spacing between both is prescribed by the taper section 8 of the first 
mask Ml . Thus, since the impurity range is prescribed by only the first mask, both have 
consistency and the problem of the ununiformity by mask alignment, such as a location gap, does 
not occur. 

[0073] Therefore, channel length is formed in homogeneity with a sufficient precision, and the 
stable property is acquired with the sufficient yield. Moreover, if the include angle of the taper 
section 8 of the first mask Ml is changed, both spacing, i.e., the die length of a channel field, can 
be controlled freely, and the balance of on resistance and pressure-proofing will also tend to take 
it. After formation of the first mask 1, the advantage that the dimension of each impurity range 
can be checked is also. 

[0074] By having been added like N ion grouting for high-impurity-concentration control to the 
surface layer of n drift layer 81b, the threshold voltage of MOSFET can be controlled and it can 
also be especially referred to as FET of no MARIOFU. Some deformation is also considered as 
the manufacture approach. For example, the ion implantation for high-impurity-concentration 
control of the n channel field 90 may be performed first. Moreover, impregnation and n+ of B 
ion for the p base region 82 Reverse is sufficient as the order of impregnation of N ion for source 
field 83 formation. A sidewall field is formed first and it is p+. The ion implantation for contact 
field 84 formation may be performed. 

[0075] Since gate oxide 85 is formed on the SiC substrate also in this example at the plane, there 
is no problem of the stress of the electric field in the gate oxide corner section seen by MOSFET 
conventional trench type, and a raise in pressure-proofing is possible. Moreover, at this example, 
it is p+. It is n+ 5 although contact field 82a was embedded and being considered as the field of a 
mold. In the case of N ion implantation for source field 83 formation, it is n+. The mask which 
specifies the outside of the source field 83 is used, and it is p+. If contact field 82a is made to 
arrive at even a front face by multiplex impregnation, the source electrode 87 can be formed in a 
substrate front face, and there will be no need of forming crevice 87a. 

[0076] [Example 6] drawing 12 (a) thru/or (e) are the fragmentary sectional views near the front 
face of the order of a production process for explaining the another manufacture approach of the 
almost same SiCMOSFET as SiCMOSFET of drawing 9 . A process is explained in order of 
below. First, n+ 4 H-SiC substrate which carried out the laminating of the n drift layer 91b of a 
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phosphorus dope with epitaxial growth is prepared on a substrate. The high impurity 
concentration of n drift layer 91b, thickness, etc. are the same as an example 1, and good. On the 
front face of the n drift layer 91b, it is Si02 with a thickness of about 2 micrometers by the 
plasma-CVD method. The film 2 is deposited, a pattern is formed by the photolithography, and it 
considers as the third mask M3. 

[0077] The ion, for example, B ion 5a, which serves as p mold impurity by using the third mask 
M3 as a mask is poured in [ drawing 12 (a)]. 5b is poured-in B atom. This is high-concentration 
p+. It is for contact field 94 formation, and acceleration voltage, 400keV, and a dose are 
abbreviation lxl015cm-2. As a p mold impurity, aluminum etc. is used other than B. 
[0078] Next, CF4+H2 It considers as the first mask Ml which carried out etchback of the third 
mask M3, and made the edge the shape of a taper over 1-2 micrometers by plasma etching using 
gas [this drawing (b)]. At this time, the whole thickness also becomes thin and thickness is set to 
about 1 micrometer. In the ion implantation for the next p base region formation, a channel is 
controlled by the cone angle of the edge of the first mask by this like the time of SiCMOSFET of 
an example 5. 

[0079] The ion, for example, B ion 5a, which serves as p mold impurity by using as a mask the 
first mask Ml which made the edge the shape of a taper is poured in [this drawing (c)]. This is 
for p base region 92 formation, acceleration voltage is 300keV(s) and a dose is abbreviation 
1x101 5cm-2. In a field without the first mask Ml, an impurity is poured in deeply, it becomes 
shallow gradually as thickness of the mask [ first ] Ml increases, and an impurity atom carries 
out distribution as shown in drawing. 

[0080] Next, the ion, for example, N ion 4a, which serves as n mold impurity by using as a mask 
the first mask Ml which made the same edge the shape of a taper is poured in [this drawing (d)]. 
This is n+. It is for source field 93 formation, and acceleration voltage is 100keV(s) and a dose is 
abbreviation 5x101 5cm-2. Since acceleration voltage is made low, the field poured in differs 
from the impregnation field of p mold impurity. 

[0081] After removing the first mask Ml, N ion 4a is poured into the whole surface. [This 
drawing (e)]. This is for high-impurity-concentration control of the n channel field of the surface 
layer of n drift layer 91b, acceleration voltage is 200keV(s) and a dose is abbreviation 
lxl012cm-2. Thereby, a threshold is controllable. After this, activation of the impurity poured in 
after drawing 10 (a), formation of an electrode, etc. are performed. 

[0082] Since back dirty [ of the third mask M3 ] was carried out and it considered as the first 
mask Ml when taking this approach, it is not necessary to form a mask ingredient anew. And 
since the include angle of the taper section also becomes homogeneity and spacing of the p base 
region 92 and n source field 93 is specified, both have consistency and the problem of the 
ununiformity by mask alignment, such as a location gap, cannot arise. And channel length is 
formed in homogeneity with a sufficient precision, and the stable property is acquired with the 
sufficient yield. 

[0083] Some deformation is also considered as the manufacture approach. For example, a 
reverse order is sufficient as impregnation [ drawing 12 (c)] of p mold impurity ion for p base 
region formation, and impregnation [ drawing 1 2 (d)] of n mold impurity ion for n source field 
formation, and the ion implantation for high-impurity-concentration control of an n channel field 
[ drawing 12 (e)] may be performed first. 
[0084] 

[Effect of the Invention] As explained above, according to this invention, it sets to the 
manufacture approach of silicon carbide vertical FET. Some of one [ of the first mask ] edges 
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prescribe the first conductivity-type impurity installation field using the first mask and the 
second mask which overlaps in part. By removing the first some masks and second mask, and 
specifying the second conductivity-type impurity installation field by another part of the first 
mask, the first conductivity-type impurity installation field and the second conductivity-type 
impurity installation field are formed in self align. 

[0085] If the approach of changing and carrying out the ion implantation of the acceleration 
voltage is taken using the mask which made especially the edge the shape of a taper, the first 
conductivity-type impurity installation field and the second conductivity-type impurity 
installation field can be formed in self align only with one mask. By controlling the high 
impurity concentration of a channel field, threshold voltage can be controlled and it can be 
referred to as FET of no MARIOFU. 

[0086] Thus, JFET and MOSFET with the former very difficult very precise channel field can be 
realized now, and effectiveness was brought to reduction of on resistance. This invention is an 
approach very effective not only in FET according to individual but CMOS-IC and other SiC 
semiconductor devices, and makes easy manufacture of the silicon carbide semiconductor device 
of high pressure-proofing. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of a vertical mold 
field-effect transistor (it is described as Following FET) and the vertical mold electric field effect 
FET with the gate of the assembling die which used silicon carbide as a semiconductor material 
and which is a power semiconductor device, or the MOS mold of metal-oxide film-semi- 
conductor structure. 



[Translation done.] 



26 



6/13/2006 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Since a band gap is large and the maximum insulation electric field 
are large a figure single [ about ] as compared with silicon (it is described as Following Si), 
silicon carbide (it is described as Following SiC) is an ingredient with which the application to a 
next-generation power semiconductor device is expected. It is applied to various electron devices 
until now using the single crystal wafer called 4 H-SiC or 6 H-SiC, and it is thought that it is 
especially suitable for an elevated temperature and the component for large power. The above- 
mentioned crystal is the alpha phase SiC of the form which carried out the laminating of a 
sphalerite mold and the wurtzite mold. The semiconductor device is made also for the crystal of 
the beta phase SiC otherwise called 3 C-SiC as an experiment. [, for example, Weitzel, by which 
CMOS-IC which is the general-purpose semiconductor devices, such as schottky diode, end-fire 
array MOSFET, and a thyristor, as a component for power is recently made as an experiment, 
and it is checked from the property as compared with the conventional Si semiconductor device 
that a property is very good, :IEEE Trans.on Electron Devices besides C.W., and vol. — 43, 
No.10, and pp.1732-1741 --] (1997) . Some examples of MOSFET are shown below. 
[0003] Drawing 1 3 is the fragmentary sectional view of the unit cell of junction type FET (it 
omits Following JFET) currently developed as one of the RF components [ and Abstracta of 
Int.Conf.on Silicon Carbide besides Sheppard and S.T., Ill-Nitrides and Related Materials] 
(1997). p+ It is n+ to the surface layer of n drift layer 1 1 by which the laminating was carried out 
on the substrate 10. The source field 13, p gate field 15, and n+ The drain field is formed. n+ The 
source field 13 and n+ The drain field 14 and p gate field 15 are contacted, and the source 
electrode 17, the drain electrode 18, and the gate electrode 16 are formed, respectively. 
[0004] When an electrical potential difference is impressed to the gate electrode 16 with this 
structure, they are p gate field 15 to p gate field 15, and p+. A depletion layer spreads to the n 
channel field 20 between substrates 10. The current between the source electrode 17 and the 
drain electrode 18 is controlled by this. Moreover, a current flows again between the drain 
electrode 18 and the source electrode 17 by removing the electrical potential difference 
impressed to the gate electrode 16. Thus, the current between source drains serves as a 
component switchable [ with gate voltage ]. Since this JFET depletion-izes a channel field by 
electrical-potential-difference impression to the gate electrode 16, it is called a depletion type. A 
front face to p+ The slot which reaches a substrate 1 0 is formed and it fills up with the insulator 
layer 19 because [ of isolation ]. 

[0005] On the other hand, drawing 14 is one sort of a vertical mold MOSFET [Shenoy, J.N. 
others , Abstracta of Int.Conf.on Silicon Carbide, Ill-Nitrides and Related Materials] (1997). n+ 
It is p+ by the ion implantation of high acceleration voltage [ surface layer / of n drift layer 21b 
by which the laminating was carried out on substrate 21a ]. The embedding field 22 is formed. 
The p+ It is n+ to the surface layer of n drift layer part 21b on the embedding field 22. The 
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source field 23 is formed. Two n+ The gate electrode 26 is formed through gate dielectric film 25 
on the front face of n drift layer part 21b inserted into the source field 23. n+ The source 
electrode 27 is n+ to the front face of the source field 23. The drain electrode 28 is formed in the 
rear face of substrate 21a, respectively. 

[0006] In this example, the gate part has metal-oxide-semiconductor structure which impresses 
an electrical potential difference through gate dielectric film 25 instead of pn junction. In this 
MOSFET, by impressing a forward electrical potential difference to the gate electrode layer 26, 
induction of the accumulation layer is carried out to the n channel field 30 of the surface part of n 
drift layer 21b of gate electrode 26 directly under, and a current flows between the drain 
electrode 28 and the source electrode 27. Moreover, if a negative electrical potential difference is 
impressed to the gate electrode 26, the current between the drain electrode 28 and the source 
electrode 27 can be intercepted, and it has a switching function. The electrical potential 
difference between source drains is p+. It is possible for it to be impressed between the 
embedding field 22 and n drift layer 21b, and to hold a big electrical potential difference, and it 
is made the structure suitable for high pressure-proofing. Since this MOSFET forms an 
accumulation layer by electrical-potential-difference impression to the gate electrode 26, it is 
called ACCUFET. 

[0007] Drawing 15 is [ and Phys.Stat.Sol. (a) besides Onda and S., vol.162, and p.369] (1997) 
which are the fragmentary sectional view of the unit cell of another vertical mold quantity proof- 
pressure MOSFET **. . n+ The p base region 32 is formed on substrate 31a at the surface layer 
of n drift layer 3 lb by which the laminating was carried out, and it is n+ to the surface layer of 
the p base region 32. The source field 33 is formed. Two n+ The n channel field 40 which 
connects the source field 33 is formed of epitaxial growth, and the gate electrode layer 36 is 
formed through gate dielectric film 35 on the front face of the n channel field 40. n+ The source 
electrode 27 is n+ to the front face of the source field 33. The drain electrode 38 is formed in the 
rear face of substrate 31a, respectively. 

[0008] By impressing a forward electrical potential difference to the gate electrode layer 36 also 
in this case, induction of the accumulation layer is carried out to the surface part of the n channel 
field 40 of gate electrode layer 36 directly under, and it becomes possible to pass the current 
from the drain electrode 38 to the source electrode 37. Moreover, between the drain electrode 38 
and the source electrodes 27 will be intercepted, and by impressing a negative electrical potential 
difference to the gate electrode layer 36 will show a switching function. 

[0009] Otherwise, although there is also an example of a prototype of MOSFET of a planar mold 
or a trench mold, by SiC, that the mobility of an inversion layer is very small gets down that it is 
experimentally sudden, and it is thought that FET of the enhancement type using an inversion 
layer is not suitable for practical use. It is the example of the structure where have the common 
description in that it is not FET of the enhancement type with which the component of the three 
above-mentioned examples uses an inversion layer to it but FET using the semi-conductor layer 
of a conductivity type from the first as a channel, especially it is suitable for SiC. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, according to this invention, it sets to the 
manufacture approach of silicon carbide vertical FET. Some of one [ of the first mask ] edges 
prescribe the first conductivity-type impurity installation field using the first mask and the 
second mask which overlaps in part. By removing the first some masks and second mask, and 
specifying the second conductivity-type impurity installation field by another part of the first 
mask, the first conductivity-type impurity installation field and the second conductivity-type 
impurity installation field are formed in self align. 

[0085] If the approach of changing and carrying out the ion implantation of the acceleration 
voltage is taken using the mask which made especially the edge the shape of a taper, the first 
conductivity-type impurity installation field and the second conductivity-type impurity 
installation field can be formed in self align only with one mask. By controlling the high 
impurity concentration of a channel field, threshold voltage can be controlled and it can be 
referred to as FET of no MARIOFU. 

[0086] Thus, JFET and MOSFET with the former very difficult very precise channel field can be 
realized now, and effectiveness was brought to reduction of on resistance. This invention is an 
approach very effective not only in FET according to individual but CMOS-IC and other SiC 
semiconductor devices, and makes easy manufacture of the silicon carbide semiconductor device 
of high pressure-proofing. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] When it is going to manufacture the semiconductor 
device for power, the actual former not much good property is not realized, or the structure of 
drawing 1 3 , and 14 or drawing 1 5 is not manufactured in fact, although the property which was 
very excellent is expected. It is the double diffusion MOS (D-MOS) whose one of the reason of 
the is an approach which has spread most with Si semi-conductor. Structure is in an easily 
unrealizable point in SiC. In Si, a precise channel consistency is realized by introducing p mold 
impurity and n mold impurity alternatively with the same mask, and carrying out thermal 
diffusion. Namely, the dimension of the. channel which influences the property of MOSFET is 
very controllable to a precision, and can make MOSFET with the sufficient yield. 
[001 1] It receives that can come and it is alike, and by SiC, the rate of activation of the impurity 
which carried out the ion implantation is bad, in order to raise this, an ion implantation 1000 
degrees C or more and heat-of-activation processing at 1600 degrees C or more are required, and 
the diffusion of an impurity which carried out the ion implantation hardly breaks out. Therefore, 
installation of p mold impurity and n mold impurity must be depended on a respectively separate 
mask, and control of a precise channel consistency is not realized. Therefore, it becomes the 
thing also with the very big variation which has large channel resistance, and resistance of the 
whole component is like [ as which it will be mostly specified by channel resistance ]. It can be 
said that the property of SiC original is not acquired. 

[0012] In view of the above problem, the purpose of this invention can realize a very precise 
channel, and is to offer the manufacture approach of silicon carbide vertical FET and silicon 
carbide vertical FET which can be high-pressure=proofed easily. 
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MEANS 



[Means for Solving the Problem] The first conductivity-type drift layer which this invention 
becomes from the silicon carbide by which the laminating was carried out on the first 
conductivity-type silicon carbide substrate for the above-mentioned technical-problem solution, 
The second conductivity-type gate field and the first conductivity-type source field which 
isolated to the surface layer of the first conductivity-type drift layer mutually alternatively, and 
were formed in it, The second conductivity-type embedding field alternatively formed in the 
lower part of the second conductivity-type gate field and the first conductivity-type source field, 
The gate electrode layer contacted and prepared in the front face of the second conductivity-type 
gate field, In the manufacture approach of the end-fire array FET which has the source electrode 
which contacted the front face of the first conductivity-type source field and the second 
conductivity-type embedding field in common, and was prepared in it, and the drain electrode 
prepared in the rear face of a silicon carbide substrate some of one [ of the first mask ] edges - 
one edge of the first conductivity-type source field - specifying - some other ends of the first 
mask, and other parts of the first mask - the second conductivity-type gate field - ** - probably 
--**-- Other parts of said first mask shall prescribe the edge of the second conductivity-type 
embedding field. 

[0014] For example, the substrate with which the laminating of the first conductivity-type drift 
layer which consists of silicon carbide on the first conductivity-type silicon carbide substrate was 
carried out by epitaxial growth as a concrete process is used. The process which forms the first 
mask on the front face of the first conductivity-type drift layer, The process which forms the 
second mask which consists of an ingredient which is different from the first mask so that the 
first mask and part may overlap, The process which introduces the impurity for the first 
conductivity-type source field formation into the surface layer of the first conductivity-type drift 
layer alternatively with those masks, The process which forms the third mask which consists of a 
process which removes the second mask, and an ingredient which is different from the first mask 
so that the first mask and part may overlap, The process which introduces the impurity for the 
second conductivity-type gate field formation into the surface layer of the first conductivity-type 
drift layer alternatively with those masks, The process which leaves a part of first mask and 
removes the first mask and the third mask, The process which introduces the impurity for the 
second conductivity-type embedding field formation into the surface layer of the first 
conductivity-type drift layer alternatively with the mask, The heat treatment process for 
activating the introduced impurity, and the process which forms the fourth mask in a silicon 
carbide substrate front face, The process which forms the crevice which arrives at the second 
conductivity-type embedding field from the front face of the first conductivity-type source field 
with the mask, It shall consist of the process which forms the fifth mask which consists of an 
insulating material, a process which vapor-deposits a metal membrane, and a process which 
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forms the gate electrode which consists of the metal membrane, a source electrode, and a drain 
electrode. 

[0015] If it is made such, since the substantial dimension of a channel field is decided in the 
second conductivity-type gate field, the ununiformity by mask alignment will be avoided and 
precise control will be attained. It is possible for this to manufacture small FET of on resistance. 
Instead of forming the crevice which arrives at the second conductivity-type embedding field 
from the front face of the first conductivity-type source field, and preparing a source electrode, 
the second conductivity-type contact field which arrives at the second conductivity-type 
embedding field may be formed. If it is made such, a source electrode can be prepared on a front 
face. 

[0016] Also in the thing to which each installation of the impurity for the first conductivity-type 
source field, the second conductivity-type gate field, and the second conductivity-type 
embedding field formation is especially performed by the ion implantation, then SiC, formation 
of an impurity range can be performed certainly. The electrode which forms the front face and 
the Schottky barrier of the first conductivity-type drift layer may be prepared. 
[0017] If it is made such, it can consider as a channel field smaller than the dimension of the 
second conductivity-type gate field required for contact resistance. Moreover, the first 
conductivity-type drift layer which consists of silicon carbide by which the laminating was 
carried out on the first conductivity-type silicon carbide substrate, The first conductivity-type 
source field alternatively formed in the surface layer of the first conductivity-type drift layer, The 
second conductivity-type embedding field alternatively formed in the lower part of the first 
conductivity-type source field, The gate electrode layer prepared through gate dielectric film on 
the front face of the first conductivity-type drift layer, In the manufacture approach of the end- 
fire array FET which has the source electrode which contacted the front face of the first 
conductivity-type source field and the second conductivity-type embedding field in common, and 
was prepared in it, and the drain electrode prepared in the rear face of a silicon carbide substrate 
One edge of the first conductivity-type source field shall be specified with a part of first mask, 
and other parts of said first mask shall prescribe the edge of the second conductivity-type 
embedding field. 

[0018] For example, the substrate with which the laminating of the first conductivity-type drift 
layer which consists of silicon carbide on the first conductivity-type silicon carbide substrate was 
carried out by epitaxial growth as a concrete process is used. The process which forms the first 
mask on the front face of the first conductivity-type drift layer, The process which forms the 
second mask which consists of an ingredient which is different from the first mask so that the 
first mask and part may overlap, The process which introduces the impurity for the first 
conductivity-type source field formation into the surface layer of the first conductivity-type drift 
layer alternatively with those masks, The process which leaves a part of first mask and removes 
the first mask and the second mask, The process which introduces the impurity for the second 
conductivity-type embedding field formation into the surface layer of the first conductivity-type 
drift layer alternatively with those masks, The process which removes a part of first mask which 
it left, and the heat treatment process for activating the introduced impurity, The process which 
forms gate oxide in a silicon carbide substrate front face by thermal oxidation, The process 
which carries out pattern formation after depositing a polycrystalline silicon layer on the gate 
oxide, The process which forms the third mask after covering an insulator layer, and the process 
which forms the crevice which arrives at the second conductivity-type embedding field from the 
front face of the first conductivity-type source field with the mask, It shall consist of a process 
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which prepares the aperture for contact in an insulator layer, and vapor-deposits a metal 
membrane, and a process which forms the gate electrode which consists of the metal membrane, 
a source electrode, and a drain electrode. 

[0019] Since the dimension of a channel field is decided with the first mask also in this case, the 
ununiformity by mask alignment is avoided and precise control is attained. Instead of forming 
the crevice which arrives at the second conductivity-type embedding field from the front face of 
the first conductivity-type source field, and preparing a source electrode, the second 
conductivity-type contact field which arrives at the second conductivity-type embedding field 
may be formed. If it is made such, a source electrode can be prepared on a front face. 
[0020] A part with the thickness of the first mask of the shape of a taper with a loose edge thick 
as an option can prescribe one edge of the first conductivity-type source field, and a part with the 
thin thickness of the first mask of said first mask can also prescribe the edge of the second 
conductivity-type base region. For example, the substrate with which the laminating of the first 
conductivity-type drift layer which consists of silicon carbide on the first conductivity-type 
silicon carbide substrate was carried out by epitaxial growth as a concrete process is used. The 
process which forms the first mask on the front face of the first conductivity-type drift layer, The 
process which forms the first mask of the shape of a taper with a loose edge, and the process 
which introduces the impurity for the first conductivity-type source field formation into the 
surface layer of the first conductivity-type drift layer alternatively by the part with the thick 
thickness of the mask, The process which introduces the impurity for the second conductivity- 
type base region formation into the surface layer of the first conductivity-type drift layer 
alternatively by the part with the thick thickness of the first mask, The process which forms the 
third mask in a silicon carbide substrate front face, and the process which introduces the impurity 
for the second conductivity-type contact field formation which arrives at the second 
conductivity-type base region with the mask, The process which removes the first mask, and the 
heat treatment process for activating the introduced impurity, The process which forms gate 
oxide in a silicon carbide substrate front face by thermal oxidation, It shall consist of the process 
which carries out pattern formation after depositing a polycrystalline silicon layer on the gate 
oxide, the process which covers an insulator layer, a process which prepares the aperture for 
contact in an insulator layer, and vapor-deposits a metal membrane, and a process which forms 
the gate electrode which consists of the metal membrane, a source electrode, and a drain 
electrode. 

[0021] Since the dimension of a channel field is decided with the first mask also in this case, the 
ununiformity by mask alignment is avoided and precise control is attained. And another mask for 
impurity range formation is not needed. The crevice which arrives at the second conductivity- 
type base region from the front face of the first conductivity-type source field may be formed, 
and the source electrode in contact with the first conductivity-type source field and the second 
conductivity-type contact field may be prepared. 

[0022] It is good to add the impurity installation process for the second conductivity-type contact 
field formation by using as a mask the process which prepares a sidewall in the side of the first 
mask especially, and the first mask and sidewall. If it is made such, it will not be based on mask 
alignment but formation of the second conductivity-type base region and the shifted second 
conductivity-type contact field can be performed. 

[0023] The third mask with the thick thickness for the second conductivity-type contact field 
formation is formed, after passing through the process which introduces an impurity with the 
mask previously, etchback of the third mask can be carried out, and an edge can consider as the 
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first mask of the shape of a loose taper. If it is made such, the first mask and third mask of a basis 
will be the same, and will not have the need of forming another mask ingredient. 
[0024] Furthermore, also in the thing to which each installation of the impurity for the first 
conductivity-type source field, the second conductivity-type embedding field, and the second 
conductivity-type base region formation is performed by the ion implantation, then SiC, 
formation of an impurity range can be performed certainly. And the process which introduces the 
first conductivity-type impurity for high-impurity-concentration control of a channel field into 
the whole surface of the surface layer of the first conductivity-type drift layer shall be added. 
[0025] By controlling the high impurity concentration of a channel field, threshold voltage can 
be controlled and it can be referred to as FET of no MARIOFU. The first conductivity-type drift 
layer which consists of silicon carbide by which the laminating was carried out on the first 
conductivity-type silicon carbide substrate by the above manufacture approaches, The second 
conductivity-type base region where at least the part was alternatively embedded and formed in 
the surface layer of the first conductivity-type drift layer, The first conductivity-type source field 
formed in a part of upper part of the second conductivity-type base region in contact with the 
second conductivity-type base region, The gate electrode layer prepared through gate dielectric 
film on the channel field which is the first conductivity-type drift layer left behind on the second 
conductivity-type base region, The source electrode which contacted the front face of the first 
conductivity-type source field and the second conductivity-type base region in common, and was 
prepared in it, If it considers as the silicon carbide end-fire array FET which becomes shallow 
almost linearly so that it has the drain electrode prepared in the rear face of a silicon carbide 
substrate and the junction depth of the edge of the second conductivity-type base region keeps 
away from the first conductivity-type source field Control of the die length of a channel field is 
easy, and the end-fire array FET with a uniform channel field can manufacture easily. 
[0026] From the second conductivity-type base region, even if it prepares the second 
conductivity-type contact field where the junction depth is deeper than the second conductivity- 
type base region and contacts a source electrode on the front face of the second conductivity-type 
contact field with high high impurity concentration, the crevice which arrives at the second 
conductivity-type contact field from the front face of the first conductivity-type source field is 
prepared, and a source electrode may be contacted on the exposure front face of the second 
conductivity-type contact field, so that a part may overlap the second conductivity-type base 
region. 

[0027] If there is no need of preparing a crevice if a source electrode is contacted on the front 
face of the second conductivity-type contact field on the same front face as the first conductivity- 
type source field, the crevice which arrives at the second conductivity-type contact field from the 
front face of the first conductivity-type source field is prepared and a source electrode is 
contacted, there will be no need of thickening thickness of the second conductivity-type contact 
field. By controlling the thing which is high concentration, then high impurity concentration 
from that of the first conductivity-type drift layer, the high impurity concentration of a channel 
field can control threshold voltage, and can set to FET of no MARIOFU. 
[0028] 

[Embodiment of the Invention] Below, this invention is explained to a detail, while an example 
is shown. However, explanation is omitted about drawing 13 -15, a common part, or a part 
without this invention or instead of. Although n channel MOS FET is taken for the example as an 
important application of this invention, of course, this invention can be adapted also for p 
channel MOS FET which made the conductivity type reverse. In addition, the silicon carbide 
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explained here is aimed at what is mainly called 6H and 4H, although many polytypes exist as 
known well. 

[0029] [Example 1] drawing 1 is the first example (it is described as an example 1 below.) of this 
invention, the following - being the same - it is the sectional view of the unit cell of starting 
SiCJFET. This supports the component which formed the conventional component of drawing 
13 into high pressure-proofing. n+ It sets to the wafer with which the laminating of the n drift 
layer 41b was carried out by epitaxial growth on substrate 41a, and is p+ from the front face of n 
drift layer 41b to a somewhat deep location. The embedding field 42 is formed and it is p+. In 
the surface layer of upper n drift layer 41b of the embedding field 42, they are p gate field 44 and 
n+. The source field 43 is formed. The gate electrode 46 is formed on the front face of p gate 
field 44. n+ From the front face of the source field 43, the front face of investigated crevice 47a 
is met, and it is n+. The source field 43 and p+ It contacts common to a front face with the 
embedding field 42, and the source electrode 47 is formed, and it is n+ . The rear face of substrate 
41a is contacted and the drain electrode 48 is formed. 

[0030] Examples of the main dimensions are the following values. n+ For the high impurity 
concentration of substrate 41a, it of 1x1018cm in 350 micrometers in 3 and thickness and n drift 
layer 41b is lxl 01 6cm 10 micrometers in 3 and thickness. p+ The highest high impurity 
concentration of the embedding field 42 is 5x1 01 8cm 0.5 micrometers in 3 and thickness, and n 
0.5-micrometer drift layer 41b is on it. p+ of both sides Spacing between the embedding fields 42 
is about 5 micrometers. n+ The high impurity concentration of the source field 43 is lxl 01 9cm 3 
and a junction depth of 0.2 micrometers, and width of face is [ 3 and a junction depth of 0.2 
micrometers of 5x101 8cm, and the width of face of it of about 3 micrometers and p gate field 44 
] about 2 micrometers. n+ Spacing between the source field 43 and p gate field 44 is about 1 
micrometer, and n drift layer 41b has arrived at the front face. The depth of crevice 47a 
investigated from the front face is 0.7 micrometers, and width of face is about 3 micrometers. 
The pitch of the unit cell of drawing is about 25 micrometers. 

[0031] Although the point different from the horizontal type JFET of drawing 13 is a point that 
the source electrode 47 and the drain electrode 48 serve as FET of the vertical mold formed in 
both sides of a semi-conductor substrate, the actuation is not fundamentally different from the 
thing of drawing 1 1 . That is, a depletion layer is breadth and n+ by impressing an electrical 
potential difference to the gate electrode 46 to the channel field 50 of p gate field 44 to a lower 
part. The source field 43 and n drift layer 41b are insulated electrically. As a result, the current 
from the drain electrode 38 to the source electrode 37 is controlled. It is JFET same depression 
type as what was shown in drawing 13 . 

[0032] Drawing 2 (a) thru/or (f) and drawing 3 (a) thru/or (d) are the fragmentary sectional views 
near the front face of the order of a production process for explaining the manufacture approach 
of SiCJFET of the example 1 of drawing 1 . It explains in order of below. First, n+ 4 H-SiC 
substrate which carried out the laminating of the n drift layer 41b of a phosphorus dope with 
epitaxial growth is prepared on substrate 41a. For example, the high impurity concentration of n 
drift layer 41b is lxl016cm-3, and thickness is 10 micrometers. On the front face of the n drift 
layer 41b, the polycrystal silicone film 1 is deposited with a reduced pressure CVD method, a 
pattern is formed by the photolithography, and it considers as the first mask Ml [ drawing 2 (a)]. 
The first mask Ml consists of each part of Mia of a center section, and Mlb of both sides. 
Thickness of the polycrystal silicone film 1 was set to 1 micrometer. The first mask Ml does not 
necessarily need to be a polycrystal silicone film, and as long as it turns into a mask of 
alternative etching, it may be the oxidization silicon film (henceforth, Si02 it is described as the 
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film) well used for a silicon process etc., the nitriding silicon film, or a photoresist. However, to 
carry out an ion implantation at an elevated temperature, it is necessary to use the ingredient ' 
which ceases to the elevated temperature of polycrystalline silicon etc. 
[0033] It is Si02 by the heat CVD method on the first mask Ml of the polycrystal silicone film 
1 . After depositing the film 2, forming a pattern by the photolithography and considering as the 
second mask M2, the ion used as n mold impurity, for example, nitrogen (it is described as 
Following N) ion 4a, is poured into the field specified with the second mask Ml and M2 for a 
start [ these ] [this drawing (b)]. 4b is poured-in N atom. This is n+. It is for source field 43 
formation, and acceleration voltage is 100keV(s) and a dose is abbreviation 5xl015cm-2. The 
temperature at the time of an ion implantation is about 800 degrees C. The rate of activation can 
be raised by carrying out an ion implantation at an elevated temperature. The second mask M2 is 
not necessarily Si02. Although it is not necessary to be the film, since it is required to remove 
leaving the first mask Ml at a next process, it considers as a different ingredient from the first 
mask Ml, and it can be necessary to be made to perform alternative etching. For example, when 
a polycrystal silicone film is used as the first mask Ml, it is Si02 like the upper example as the 
second mask M2. If the film is used, only the second mask 2 is removable with fluoric acid. It is 
Si02 by reactive ion etching (it is described as Following RIE) the reverse is also possible and 
using the mixed gas of a carbon tetrachloride and oxygen etc. in that case. It is possible to control 
the etch rate of the film and a polycrystal silicone film, and to etch only a polycrystal silicone 
film. Thus, alternative removal is just performed to the first mask Ml. Since the second mask 
M2 should just have an edge on the first mask Ml, it is easy mask alignment. As an n mold 
impurity, phosphorus (it is described as Following P) etc. is used other than N. 
[0034] Si02 The second membranous mask M2 is removed and it is Si02 by the heat CVD 
method again. After depositing the film 2, forming a pattern by the photolithography and 
considering as the third mask M3, the ion used as p mold impurity, for example, boron (it is 
described as Following B) ion 5a, is poured into the field specified with the third mask Ml and 
M3 for a start [ these ] [this drawing (c)]. 5b is poured-in B atom. This is for p gate field 44 
formation, acceleration voltage is 100keV(s) and a dose is abbreviation 5x101 5cm-2. Also in this 
case, the third mask M3 is not necessarily Si02. It is not necessary to be the film and alternative 
removal is just performed to the first mask Ml at a next process. Since the third mask M3 should 
just have an edge on the first mask Ml, it is easy mask alignment. As p mold impurity and a 
becoming impurity, aluminum (it is described as Following aluminum) etc. can be used other 
thanB. 

[0035] Si02 the third membranous mask M3 - removing -- a photolithography ~ ** ~ a part of 
first mask - Mlb -- removing - a part of first mask [this drawing (d)] which leaves Mia. a 
part of first mask which it left -- Mia is used as a mask and B ion 5a is poured in again. [This 
drawing (e)]. This is p+. It is for embedding field 42 formation, and acceleration voltage is 
400keV(s) and a dose is abbreviation lxl015cm-2. Acceleration voltage was raised for forming a 
deep impurity range. As a p mold impurity, aluminum etc. may be used other than B. 
[0036] a part of first mask which it left -- Mia is removed and N ion 4a is poured into the whole 
surface. [This drawing (f)]. 4b is poured-in N atom. This is for concentration control of the n 
channel field 50, acceleration voltage is 200keV(s) and a dose is abbreviation lxl012cm-2. 
Before this, it is p+. Since the deep ion implantation for the embedding field 42 is performed, it 
is p+. B atom is poured into n drift layer 41b of the surface layer which comes on the embedding 
field 42. Resistance of a surface layer can be stabilized by impregnation of N ion. The high 
impurity concentration of the surface layer after heat treatment is abbreviation 5xl015cm-3. It 
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becomes. 

[0037] It is n+ by performing 1600 degrees C and heat treatment of 2 hours, and activating the 
poured-in impurity. The source field 43, p gate field 44, and p+ Each field of the embedding field 
42 is formed [ drawing 3 (a)]. Although diffusion of an impurity hardly breaks out in SiC as 
stated previously, the depth in which an impurity range is formed is controllable by 
accommodation of acceleration voltage. For example, p+ The embedding field 42 is made by the 
layer with a thickness of 0.5 micrometers at focusing on a depth of 0.8 micrometers by having 
made acceleration voltage high with 400keV(s), and n about 0.5-micrometer drift region 41b is 
left behind on it. p gate field 44 and n+ The depth of the source field 43 is about 0.2 
micrometers. 

[0038] To a front face, it is Si02 by the CVD method. The film 2 is deposited [this drawing (b)]. 
It is n+ at RIE form the fourth mask M4 by the photolithography, and using the mixed gas of 
carbon tetrafluoride (CF4) and oxygen (02). Crevice 47a which arrives at p+ embedding field 42 
from the front face of the source field 43 is formed [this drawing (c)]. It is Si02 at a 
photolithography. After forming opening for contact in the film 2 Pattern formation of the 
aluminium alloy film is vapor-deposited and carried out, and it considers as the source electrode 
47 and the gate electrode 46., n+ A drain electrode is prepared also in the rear face of a substrate, 
and a process is completed [this drawing (d)]. 

[0039] By taking the above manufacture approaches, it was able to consider as the high proof- 
pressure SiC vertical mold JFET of drawing 1 . SiCJFET of an example 1 ~ a part of first mask - 
- the edge of Mlb ~ n+ the source field 43 specifies - having ~ a part of first mask ~ p gate 
field 44 is prescribed by another edge of Mlb, and another partial Mia of the first mask. By 
partial Mia with the first still more nearly another mask, it is p+. The edge of the embedding 
field 42 is specified. Thus, since the impurity range is prescribed by only the first mask Ml, each 
has consistency and the problem of the ununiformity by mask alignment, such as a location gap, 
cannot arise. After the pattern formation of the first mask Ml, the advantage that the dimension' 
of each impurity range can be checked is also. 

[0040] Although the control is very important on application since the die length of a channel 
field is a main parameter which determines the property of MOSFET, in SiCJFET of this 
example 1, the n channel field 50 of the lower part of p gate field 44 serves as channel length 
substantially, channel length is formed with a precision short and sufficient to homogeneity, and 
the stable property and the high yield are obtained. The on resistance of JFET of 1500V class 
made as an experiment showed 1 5m ohm-cm -2 and a low value. 

[0041] Moreover, p+ The embedding field 42 was formed by the ion implantation with high 
acceleration voltage, the junction depth was written deeply, and high pressure-proofing beyond 
1500V has been realized easily. By having been added like N ion grouting for high-impurity- 
concentration control to the surface layer of n drift layer 41b, the threshold voltage of MOSFET 
can be controlled and it can also be referred to as FET of no MARIOFU. 
[0042] Some deformation is also considered as the manufacture approach. For example, n+ 
Reverse is sufficient as the sequence of the ion implantation for forming the source field 43 and 
p gate field 44. Moreover, the ion implantation for high-impurity-concentration control of the n 
channel field 50 may be performed first. If it will carry out at low temperature more instead of an 
elevated temperature which calls an ion implantation 1000 degrees C, the selection width of face 
of a mask ingredient can extend. 

[0043] [Example 2] drawing 4 is the fragmentary sectional view of SiCJFET concerning the 
second example of this invention. This is the modification of the example 1 of drawing 1 . A 
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crevice is not formed in a SiC substrate front face in this example, but it is p+ to the surface layer 
of n drift layer 51b. p+ which arrives at the embedding field 52 Contact field 52a is formed and it 
is n+ to that front face. The source field 53 and the common source electrode 57 are formed. 
[0044] n+ As a mask (it is equivalent to M2 of drawing 2 (b)) in the case of N ion implantation 
for source field 53 formation, it is n-K The mask which also specifies the outside of the source 
field 53 is used, still more nearly another mask is used, and it is p+. What is necessary is just to 
perform B ion implantation for contact field 52a formation. If it does in this way, a crevice 
cannot be formed but an electrode can be prepared in a substrate front face. 
[0045] n+ There is instead of [ no ] in a part of first mask (it being equivalent to Mlb of drawing 
2 (b)) specifying the inside of the source field 53, and the die length of a channel field is the 
same as that of SiCJFET of an example 1, the n channel field 60 of the lower part of p gate field 
44 has short uniform channel length, it is form with a sufficient precision, and the stable property 
and the high yield are obtain. 

[0046] [Example 3] drawing 5 is the fragmentary sectional view of SiCJFET concerning the third 
example of this invention. This can also say it also as deformation of SiCJFET of drawing 1 . 
The point different from SiCJFET of drawing 1 is a point that the gate electrode 66 touches 
common to p gate field 64 and the front face of n drift layer 61b. Here, the gate electrode 66 
chooses a SiC substrate and a metal which forms the Schottky barrier, for example, Ti, 
aluminum, Pt, etc. 

[0047] At JFET of an example 1, as for p gate field 44, contact is taken only in the part which the 
gate electrode 46 contacts so that drawing 1 may show. In order to stop this contact resistance 
small, the touch area had to be enlarged and the magnitude of this contact aperture had restricted 
the minimum value of the die length of a channel. Since JFET of this example 3 improves this 
point and the gate electrode 66 touches not only p gate field 64 but the front face of n drift layer 
61b, a large contact part can be taken and it becomes possible to design a channel field narrowly. 
[0048] It also sets to JFET of this example 3, and is n+. It is the same that the property which a 
source field carries out self align to the surface layer of p base region, and is formed, and channel 
length was formed with a uniformly and sufficient precision like JFET of an example 1, and was 
stabilized is acquired with the sufficient yield. However, the gate electrodes 66 are a SiC 
substrate and the metal which forms the Schottky barrier, and are not necessarily the same metal 
as the source electrode 67. Or the gate electrode 66 may be made into a bilayer with the same 
metal as the metal and the source electrode 67 which carry out Schottky contact. About the 
process which manufactures this, it is almost almost the same as that of drawing 2 and 3, and 
explanation is omitted. 

[0049] [Example 4] drawing 6 is the fragmentary sectional view of SiCMOSFET concerning the 
fourth example of this invention. n+ In the wafer with which the laminating of the n drift layer 
71b was carried out by epitaxial growth on substrate 71a It is p+ from the front face of n drift 
layer 71b to a somewhat deep location. The embedding field 72 is formed and it is the p+. It is 
n+ to the surface layer of upper n drift layer 71b of the embedding field 72. Although the point 
that the source field 73 is formed is the same as an old example There is nothing and p gate field 
is p+. The upper part of the embedding field 72 is made into the n channel field 80, and the gate 
of metal-oxide-semiconductor structure is prepared on the front face. 
[0050] That is, the gate electrode layer 76 which consists of a polycrystalline silicon layer 
through gate oxide 75 is formed on the front face of n drift layer 71b. 79 is an insulator layer of 
boron phosphorus silica glass (BPSG) which insulates the gate electrode layer 76 and the source 
electrode 77. n+ There is crevice 77a investigated from the front face of the source field 73, the 
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front face is met, and it is n+. The source field 73 and p+ The source electrode 77 which contacts 
common to a front face with the embedding field 72 is formed, and it is n+. The rear face of 
substrate 71a is contacted and the drain electrode 78 is formed. The dimension of main each part 
is almost the same as the value stated in the example 1. The thickness of gate oxide 75 is [ the 
thickness of 1 micrometer and an insulator layer 79 of the thickness of 50nm and the gate 
electrode layer 76 ] 2 micrometers. 

[0051] When this MOSFET is also called ACCUFET and impresses a forward electrical 
potential difference to the gate electrode layer 76, induction of the accumulation layer is carried 
out to the surface part of n drift layer 71b of gate electrode layer 76 directly under, and a current 
flows between the drain electrode 78 and the source electrode 77. Moreover, if a negative 
electrical potential difference is impressed to the gate electrode layer 76, the current between the 
drain electrode 78 and the source electrode 77 can be intercepted, and it has a switching function. 
The electrical potential difference between source drains is p+. It is possible for it to be 
impressed between the embedding field 72 and n drift layer 71b, and to hold a big electrical 
potential difference, and it has structure suitable for high pressure-proofing. 
[0052] Drawing 7 (a) thru/or (e) and drawing 8 (a) thru/or (d) are the fragmentary sectional 
views of the order of a production process near the front face of SiCMOSFET of the example 4 
of drawing 6 . A process is explained in order of below. n+ 4 H-SiC substrate which carried out 
the laminating of the n drift layer 71b of a phosphorus dope with epitaxial growth is prepared on 
substrate 71a. The high impurity concentration of n drift layer 71b, thickness, etc. are the same as 
an example 1, and good. On the front face of the n drift layer 71b, a polycrystal silicone film is 
deposited with a reduced pressure CVD method, a pattern is formed by the photolithography, and 
it considers as the first mask Ml [ drawing 7 (a)]. The first mask Ml consists of each part of 
Mia of a center section, and M lb of both sides. It is the same as that of an example 1 that it is 
not necessary to be necessarily a polycrystal silicone film of the first mask Ml. 
[0053] It is Si02 by the heat CVD method on the first mask Ml of a polycrystal silicone film. 
After depositing the film, forming a pattern by the photolithography and considering as the 
second mask M2, the ion used as n mold impurity, for example, N ion 4a, is poured into the field 
specified with the second mask Ml and M2 for a start [ these ] [this drawing (b)]. This is n+. It is 
for source field 73 formation, and acceleration voltage, a dose, etc. are the same as an example 1 , 
and good, this second mask M2 - not necessarily ~ Si02 it is not necessary to be -- although - 
since it is required to remove leaving the first mask Ml at a next process, unlike the first mask 
Ml, the ingredient which can perform alternative etching is chosen. Since the second mask M2 
should just have an edge on the first mask Ml, it is easy mask alignment. As an n mold impurity, 
P etc. is used other than N. 

[0054] Si02 the second membranous mask M2 - removing - a photolithography ~ a part of first 
mask -- [this drawing (c)] which pours in the ion used as p mold impurity, for example, B ion 5a, 
after leaving Mia. This is p+. It is for embedding field 72 formation, and acceleration voltage is 
400keV(s) and a dose is abbreviation lxl015cm-2. Acceleration voltage was raised for forming a 
deep impurity range. As for p mold impurity, aluminum etc. is used other than B. 
[0055] a part of first mask which it left -- Mia is removed and N ion 4a is poured in. [This 
drawing (d)]. This is for high-impurity-concentration control of the n channel field 80, 
acceleration voltage is 200keV(s) and a dose is abbreviation lxl012cm-2. It is p+ by performing 
1 600 degrees C and heat treatment of 2 hours, and activating the poured-in impurity. The 
embedding field 72 and n+ Each field of the source field 73 and the n channel field 80 is formed 
[this drawing (e)]. 
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[0056] Si02 film which turns into gate oxide 75 by 1200 degrees C and thermal oxidation of 2 
hours is formed in a front face, and about 1 micrometer of polycrystal silicone films 1 which 
serve as a gate electrode layer with a reduced pressure CVD method continuously is deposited [ 
drawing 8 (a)]. It forms by thermal oxidation, and also gate oxide 75 can also form membranes 
by CVD. As an ingredient of the gate electrode layer 76, molybdenum (Mo) etc. is [ other than 
polycrystalline silicon ] usable. 

[0057] A photoresist is applied, and after carrying out pattern formation of the polycrystal 
silicone film 1 by the photolithography and considering as the gate electrode layer 76, the 
insulator layers 79, such as boron phosphorus silica glass (BPSG), are deposited on a front face 
with a CVD method [this drawing (b)]. It is n+ at RIE form a pattern by the photolithography 
and using the mixed gas of carbon tetrafluoride (CF4) and oxygen (02). The front face of the 
source field 73 to p+ Crevice 77a which arrives at the embedding field 72 is formed [this 
drawing (c)]. 

[0058] After forming opening for contact in an insulator layer 79 by the photolithography, 
pattern formation of the aluminium alloy is vapor-deposited and carried out, and it considers as 
the source electrode 77 and the gate electrode which is not illustrated. n+ A drain electrode is 
prepared also in the rear face of a substrate, and a process is completed [this drawing (d)]. 
MOSFET of this example 4 also setting - a part of first mask - the edge of Mlb - n+ The 
source field 73 is specified and the edge of p+ embedding field 72 is prescribed by partial Mia 
with the first another mask. Thus, since the impurity range is prescribed by only the first mask 
Ml, each has consistency and the problem of the ununiformity by mask alignment, such as a 
location gap, cannot arise. 

[0059] Therefore, like JFET of an example 1, about 1.5 -micrometer channel length is realized 
with a uniformly and sufficient precision, and the stable property is acquired with the sufficient 
yield. After formation of the first mask 1, the advantage that the dimension of each impurity 
range can be checked is also. By being added like N ion grouting for high-impurity- 
concentration control to the surface layer of n drift layer 71b, and considering as the n channel 
field 80, the threshold voltage of MOSFET can be controlled and it can also be especially 
referred to as FET of no MARIOFU. 

[0060] Moreover, since gate oxide 75 is formed on the SiC substrate at the plane, there is no 
problem of the stress of the electric field in the corner section of the gate oxide seen by MOSFET 
conventional trench type, and a raise in pressure-proofing is possible. Some deformation is also 
considered as the manufacture approach. For example, the ion implantation for high-impurity- 
concentration control of the n channel field 80 may be performed first, and reverse order is 
sufficient as formation with the second mask M2 and the third mask M3. 
[0061] n+ In the case of N ion implantation for source field 73 formation, it is n+. The mask 
which specifies the outside of the source field 73 is used, still more nearly another mask is used, 
and it is p+. If B ion implantation for contact field 52a formation is performed, crevice 77a 
cannot be formed but an electrode can be prepared in a substrate front face. In that case The die 
length of a channel field is formed in homogeneity with a sufficient precision like SiCMOSFET 
of an example 4, and the stable property and the high yield are obtained. 

[0062] [Example 5] drawing 9 is the fragmentary sectional view of SiCMOSFET concerning the 
fifth example of this invention. n+ It is p+ to a somewhat deep location from the front face of n 
drift layer 81b deposited with epitaxial growth on substrate 81a. The embedding field 82 is 
formed and it is p+. The p base region 82 is formed in the surface layer of upper n drift layer 81b 
of the embedding field 82, and it is n+ alternatively in the upper part. The source field 83 is 
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formed. And the part of the edge of the p base region 82 is n+. It is so characteristic that it keeps 
away from the source field 83 that the junction depth is shallow almost linearly. Moreover, it is 
p+ to a part deeper than the p base region 82 so that the p base region 82 may be overlapped in 
part. Contact field 82a is formed. n+ The upper part of the p base region 82 of a part in which the 
source field 83 is not formed is made into the n channel field 90, and the gate of the same metal- 
oxide-semiconductor structure as MOSFET of drawing 6 is prepared on it. That is, the gate 
electrode layer 86 which consists of a polycrystalline silicon layer through gate oxide 85 is 
formed. 89 is the insulator layer of BPSG which insulates a gate electrode layer and the source 
electrode 87. n+ From the front face of the source field 83, there is investigated crevice 87a and 
it is n+. The source field 83 and p+ It contacts common to a front face with the contact field 82, 
and the source electrode 87 is formed, and it is n+. The rear face of substrate 81a is contacted 
and the drain electrode 88 is formed. 

[0063] Examples of the main dimensions are the following values. n+ For the high impurity 
concentration of substrate 41a, it of 1x101 8cm in 350 micrometers in 3 and thickness and n drift 
layer 41b is 1x1016cm 10 micrometers in 3 and thickness. Spacing between 3 and a junction 
depth of 1.5 micrometers of 5x1016cm, and the p base region 82 of both sides of the highest high 
impurity concentration of the p base region 82 is about 6 micrometers. n+ The high impurity 
concentration of the source field 43 is lxl 01 9cm 3 and a junction depth of 0.2 micrometers, and 
width of face is about 5 micrometers and p+. The highest high impurity concentration of the 
contact field 82 is [ the high impurity concentration of about 5 micrometers and the n channel 
field 90 of 3 and a junction depth of 2.0 micrometers of 1x1019cm, and width of face ] 
5x1015cm 3 and a junction depth of 0.5 micrometers. n+ Spacing between the edge of the source 
field 83 and the edge of the p base region 82 is about 2 micrometers. The depth of crevice 87a 
investigated from the front face is 0.7 micrometers, and width of face is about 3 micrometers. 
The pitch of the unit cell of drawing is about 30 micrometers. The thickness of gate oxide 85 is [ 
the thickness of 1 micrometer and an insulator layer 89 of the thickness of 50nm and the gate 
electrode layer 86 ] 2 micrometers. 

[0064] Drawing 10 (a) thru/or (e) and drawing 1 1 (a) thru/or (e) are the fragmentary sectional 
views of the order of a production process near the front face of SiCMOSFET of the example 5 
of drawing 9 . A process is explained in order of below. First, n+ 4 H-SiC substrate which 
carried out the laminating of the n drift layer 81b of a phosphorus dope with epitaxial growth is 
prepared on a substrate. On the front face of n drift layer 81b, a polycrystal silicone film is 
deposited with a reduced pressure CVD method, a pattern is formed by the photolithography, and 
it considers as the first mask Ml. 

[0065] It is important especially in the case of this patterning to form the taper section 8 in the 
edge of the first mask Ml over 1-2 micrometers. This is because channel length is controlled by 
the include angle of the taper section 8 of the first mask Ml in the ion implantation for the next p 
base region formation. Therefore, this cone angle must be captured and decided to be a 
predetermined design. And this include angle is controllable by choosing the etching conditions 
at the time of etching the thin film of the first mask 1 by plasma etching etc. Or a loose taper will 
be obtained, if an ion implantation is carried out to the upper part of a thin film, the damage is 
given to it and it carries out only near the front face that it is easy to be etched. There is also the 
approach of controlling a taper angle by controlling the dose of the ion implantation in that case. 
[0066] The ion, for example, boron (B) ion 5a, which serves as p mold impurity by using the first 
mask Ml as a mask is poured in [ drawing 10 (a)]. 5b is poured-in B atom. This is for p base 
region 82 formation, acceleration voltage is 300keV(s) and a dose is abbreviation lxl015cm-2. 
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Acceleration voltage was raised for forming a deep impurity range. In a field without the first 
mask Ml, an impurity is poured in deeply, it becomes shallow almost linear gradually as 
thickness of the mask [ first ] Ml increases, and an impurity atom carries out distribution as 
shown in drawing. If thickness of the first mask Ml is made to some extent thin, an impurity 
impregnation field does not arrive at even a front face, but can be made into the field of an 
embedding mold. As for p mold impurity, aluminum etc. is used other than B. It is the same as 
that of an example 1 that it is not necessary to be necessarily a polycrystal silicone film of the 
first mask Ml. 

[0067] Next, the ion, for example, N ion 4a, which serves as n mold impurity by using the first 
same mask Ml as a mask is poured in [this drawing (b)]. 4b is poured-in n atom. This is for n+ 
source field 83 formation, and the 100keV(s) as an example 1 with the same acceleration voltage 
etc. and a dose are good at abbreviation 5xl015cm-2. In the field which does not have the first 
mask Ml in this case, either, an impurity is poured in deeply, if the first mask Ml becomes thick, 
it will become shallow gradually, and an impurity atom carries out distribution as shown in 
drawing. However, since acceleration voltage is made low, the field poured in differs from the 
impregnation field of B ion. If the include angle of the taper section 8 is the same, spacing of the 
impregnation field of p mold impurity and the impregnation field of n mold impurity will 
become fixed. 

[0068] It is Si02 by the heat CVD method on the first mask Ml of a polycrystal silicone film. 
The film 2 is deposited [this drawing (c)]. After forming a sidewall 9 in the side of ** and the 
taper section 8 of the first mask Ml carrying out overall etching by RIE, the ion used as p mold 
impurity, for example, B ion 5a, is poured into the field specified by these first masks Ml and 
the sidewall 9 [this drawing (d)]. This is high-concentration p+. It is for contact field 84 
formation, and acceleration voltage, 400keV, and a dose are abbreviation 1x101 5cm-2. As a p 
mold impurity, aluminum etc. is used other than B. 

[0069] After removing the first mask Ml and a sidewall 9, N ion 4a is poured into the whole 
surface. [This drawing (e)]. This is for high-impurity-concentration control of the n channel field 
90, acceleration voltage is 200keV(s) and a dose is abbreviation lxl012cm-2. Thereby, a 
threshold is controllable. Each field is formed by performing 1600 degrees C and heat treatment 
of 2 hours, and activating the poured-in impurity [ drawing 1 1 (a)]. Thus, p base region 82sn+ 
The source field 83 can be shifted and formed. 

[0070] Heat Si02 with a thickness of 50nm it is thin to gate oxide 85 on a front face with 1200 
degrees C and thermal oxidation of 2 hours The film 6 is formed, and about 1 micrometer of 
polycrystal silicone films 1 is continuously deposited with a reduced pressure CVD method [this 
drawing (b)]. It forms by thermal oxidation, and also gate oxide 85 can also form membranes by 
CVD. After applying a photoresist, carrying out pattern formation of the polycrystal silicone film 
1 by the photolithography and considering as the gate electrode layer 86, with a CVD method, 
the insulator layers 89, such as boron phosphorus silica glass (BPSG), are deposited on a front 
face, and a pattern is formed in it by the photolithography [this drawing (c)]. 
[0071] At RIE using the mixed gas of carbon tetrafluoride (CF4) and oxygen (02), it is p+ from 
the front face of n+ source field 83. Crevice 87a which reaches contact field 82a is formed [this 
drawing (d)]. After forming opening for contact in an insulator layer 89 by the photolithography, 
pattern formation of the aluminium alloy is vapor-deposited and carried out, and it considers as 
the source electrode 87 and the gate electrode which is not illustrated [this drawing (e)]. n+ A 
drain electrode is prepared also in the rear face of a substrate, and a process is completed. 
[0072] In MOSFET of this example 5, the edge of n+ source field 83 and the p base region 82 is 
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prescribed by by making the edge of the first mask 1 into the shape of a taper, and changing the 
acceleration voltage in the case of impregnation of p mold impurity and n mold impurity. That is, 
the channel length who is spacing between both is prescribed by the taper section 8 of the first 
mask Ml. Thus, since the impurity range is prescribed by only the first mask, both have 
consistency and the problem of the ununiformity by mask alignment, such as a location gap, does 
not occur. 

[0073] Therefore, channel length is formed in homogeneity with a sufficient precision, and the 
stable property is acquired with the sufficient yield. Moreover, if the include angle of the taper 
section 8 of the first mask Ml is changed, both spacing, i.e., the die length of a channel field, can 
be controlled freely, and the balance of on resistance and pressure-proofing will also tend to take 
it. After formation of the first mask 1, the advantage that the dimension of each impurity range 
can be checked is also. 

[0074] By having been added like N ion grouting for high-impurity-concentration control to the 
surface layer of n drift layer 81b, the threshold voltage of MOSFET can be controlled and it can 
also be especially referred to as FET of no MARIOFU. Some deformation is also considered as 
the manufacture approach. For example, the ion implantation for high-impurity-concentration 
control of the n channel field 90 may be performed first. Moreover, impregnation and n+ of B 
ion for the p base region 82 Reverse is sufficient as the order of impregnation of N ion for source 
field 83 formation. A sidewall field is formed first and it is p+. The ion implantation for contact 
field 84 formation may be performed. 

[0075] Since gate oxide 85 is formed on the SiC substrate also in this example at the plane, there 
is no problem of the stress of the electric field in the gate oxide comer section seen by MOSFET 
conventional trench type, and a raise in pressure-proofing is possible. Moreover, at this example, 
it is p+. It is n+, although contact field 82a was embedded and being considered as the field of a 
mold. In the case of N ion implantation for source field 83 formation, it is n+. The mask which 
specifies the outside of the source field 83 is used, and it is p+ . If contact field 82a is made to 
arrive at even a front face by multiplex impregnation, the source electrode 87 can be formed in a 
substrate front face, and there will be no need of forming crevice 87a. 

[0076] [Example 6] drawing 12 (a) thru/or (e) are the fragmentary sectional views near the front 
face of the order of a production process for explaining the another manufacture approach of the 
almost same SiCMOSFET as SiCMOSFET of drawing 9 . A process is explained in order of 
below. First, n+ 4 H-SiC substrate which carried out the laminating of the n drift layer 91b of a 
phosphorus dope with epitaxial growth is prepared on a substrate. The high impurity 
concentration of n drift layer 91b, thickness, etc. are the same as an example 1, and good. On the 
front face of the n drift layer 91b, it is Si02 with a thickness of about 2 micrometers by the 
plasma-CVD method. The film 2 is deposited, a pattern is formed by the photolithography, and it 
considers as the third mask M3. 

[0077] The ion, for example, B ion 5a, which serves as p mold impurity by using the third mask 
M3 as a mask is poured in [ drawing 12 (a)]. 5b is poured-in B atom. This is high-concentration 
p+. It is for contact field 94 formation, and acceleration voltage, 400keV, and a dose are 
abbreviation lxl015cm-2. As a p mold impurity, aluminum etc. is used other than B. 
[0078] Next, CF4+H2 It considers as the first mask Ml which carried out etchback of the third 
mask M3, and made the edge the shape of a taper over 1-2 micrometers by plasma etching using 
gas [this drawing (b)]. At this time, the whole thickness also becomes thin and thickness is set to 
about 1 micrometer. In the ion implantation for the next p base region formation, a channel is 
controlled by the cone angle of the edge of the first mask by this like the time of SiCMOSFET of 
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an example 5. 

[0079] The ion, for example, B ion 5a, which serves as p mold impurity by using as a mask the 
first mask Ml which made the edge the shape of a taper is poured in [this drawing (c)]. This is 
for p base region 92 formation, acceleration voltage is 300keV(s) and a dose is abbreviation 
lxl015cm-2. In a field without the first mask Ml, an impurity is poured in deeply, it becomes 
shallow gradually as thickness of the mask [ first ] Ml increases, and an impurity atom carries 
out distribution as shown in drawing. 

[0080] Next, the ion, for example, N ion 4a, which serves as n mold impurity by using as a mask 
the first mask Ml which made the same edge the shape of a taper is poured in [this drawing (d)]. 
This is n+. It is for source field 93 formation, and acceleration voltage is 100keV(s) and a dose is 
abbreviation 5xl015cm-2. Since acceleration voltage is made low, the field poured in differs 
from the impregnation field of p mold impurity. 

[0081] After removing the first mask Ml, N ion 4a is poured into the whole surface. [This 
drawing (e)]. This is for high-impurity-concentration control of the n channel field of the surface 
layer of n drift layer 91b, acceleration voltage is 200keV(s) and a dose is abbreviation 
lxl012cm-2. Thereby, a threshold is controllable. After this, activation of the impurity poured in 
after drawing 10 (a), formation of an electrode, etc. are performed. 

[0082] Since back dirty [ of the third mask M3 ] was carried out and it considered as the first 
mask Ml when taking this approach, it is not necessary to form a mask ingredient anew. And 
since the include angle of the taper section also becomes homogeneity and spacing of the p base 
region 92 and n source field 93 is specified, both have consistency and the problem of the 
ununiformity by mask alignment, such as a location gap, cannot arise. And channel length is 
formed in homogeneity with a sufficient precision, and the stable property is acquired with the 
sufficient yield. 

[0083] Some deformation is also considered as the manufacture approach. For example, a 
reverse order is sufficient as impregnation [ drawing 12 (c)] of p mold impurity ion for p base 
region formation, and impregnation [ drawing 12 (d)] of n mold impurity ion for n source field 
formation, and the ion implantation for high-impurity-concentration control of an n channel field 
[ drawing 12 (e)] may be performed first. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The fragmentary sectional view of MOSFET of the first example of this invention 
[Drawing 2] (a) - (f) is the fragmentary sectional view of the order of a process for explaining the 
manufacture approach of JFET of an example 1 . 

[Drawing 3] (a) - (d) is the fragmentary sectional view of the order of a process of JFET of the 
example 1 following drawing 2 (f). 

[Drawing 4] The fragmentary sectional view of JFET of an example 2 

[Drawing 5] The fragmentary sectional view of JFET of an example 3 

[Drawing 6] The fragmentary sectional view of MOSFET of an example 4 

[Drawing 7] (a) - (e) is the fragmentary sectional view of the order of a process for explaining 

the manufacture approach of MOSFET of an example 4. 

[Drawing 8] (a) - (d) is the fragmentary sectional view of the order of a process of MOSFET of 
the example 3 following drawing 7 (e). 

[Drawing 9] The fragmentary sectional view of MOSFET of an example 5 

[Drawing 10] (a) - (e) is the fragmentary sectional view of the order of a process for explaining 

the manufacture approach of MOSFET of an example 5. 

[Drawing 11] (a) - (e) is the fragmentary sectional view of the order of a process of MOSFET of 
the example 5 following drawing 10 (e). 

[Drawing 12] (a) - (e) is the fragmentary sectional view of the order of a process for explaining 

the manufacture approach of MOSFET of an example 6. 

[Drawing 13] The fragmentary sectional view of the conventional JFET 

[Drawing 14] The fragmentary sectional view of the conventional MOSFET 

[Drawing 15] The fragmentary sectional view of another conventional MOSFET 

[Description of Notations] 

Ml, Mia, Mlb The first mask 

M2 The second mask 

M3 The third mask 

1 Polycrystal Silicone Film 

2 Si02 Film 

3 Insulator Layer 
4a Nitrogen ion 
4b Nitrogen atom 

5 a Boron ion 
5b Boron atom 

6 Thermal Oxidation Film 

7 Crevice 
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8 Taper Section 

9 Sidewall 

10 P Mold Substrate 

1 1 a n+ Drain field 

1 lb, 21b, 31b, 41b, 51b, 61b, 71b, 81b n drift layer 

13, 23, 33, 43, 53, 63, 73, 83 n+ Source field 

14, 44, 54, 64 p gate field 

16, 46, 66 Gate electrode 

17, 27, 37, 47, 57, 67, 77, 87 Source electrode 

18, 28, 38, 78, 88 Drain electrode 

19, 39, 49, 59, 69, 79, 89 Insulator layer 

20, 30, 40, 50, 60, 70, 80, 90 Channel field 
21a, 31a, 41a, 71a, 81a n+ Drain layer 

22, 42, 52, 72 p+ Embedding field 

25, 35, 75, 85 Gate oxide 

26, 36, 76, 86 Gate electrode layer 
32 82 p base region 

37a, 47a, 77a, 87a Crevice 
52a, 82a p+ Contact field 
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